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SUBJECT:  Cost  Effectiveness  Analysis  of  Bonuses  and  Reenlistment 

Policies 


Assistant  Secretary  of  the  Army 
(Manpower  and  Reserve  Affairs) 
Washington,  DC  20310 


1.  Reference:  Letter,  Office  of  the  Assistant  Secretary  of  the  Army, 

dated  13  Oct  76,  subject  as  above. 

2.  In  accordance  with  the  referenced  directive  letter,  the  US  Arny  Concepts 
Analysis  Agency  (CAA)  has  conducted  a study  and  related  system  design  effort 
to  assist  in  evaluating  the  potential  costs  and  effectiveness  of  alternative 
reenlistment  bonuses  and  policies.  This  work  has  resulted  in  a quantitative 
methodology  for  application  in  management  of  enlisted  personnel.  The 
attached  study  report  presents  the  methodology,  detailed  system  design 
specifications  and  additional  information  necessary  for  full  implementation. 
This  report  also  provides  insights  and  observations  on  the  reenlistment 
behavior  of  FY  71  accessions  and  discusses  alternatives  to  high  bonus 
payments. 

3.  A substantial  portion  of  the  CEABREP  methodology  has  been  embodied  and 
tested  in  a set  of  computer-based  programs  resulting  in  immediate  benefits 
to  personnel  managers. 

a.  The  MOS-unique  continuation  rates  developed  for  the  CEABREP  system 
have  been  provided  to  MILPERCEN;  these  rates  will  improve  the  accuracy 

of  force  projections  at  the  MOS/Grade/Years  of  Service  level  of  detail. 

b.  The  methodology  for  estimating  the  reenlistment  behavior  of  first- 
term  soldiers  based  on  a multi -dimensional  demographic  view  provides  an 
immediate  and  solid  approach  for  improving  personnel  forecasts,  focusing 
personnel  policies,  and  estimating  the  effects  of  personnel  policies. 
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SUBJECT:  Cost  Effectiveness  Analysis  of  Bonuses  and  Reenlistment 

Pol icies 


4.  Pending  the  availability  of  data  required  for  full  operation,  the 
CEABREP  System  will  provide  the  Army  with  a versatile  analytical  tool  to 
assess  present  and  future  retention  programs.  This  development  offers  a 
substantive  opportunity  to  improve  the  Army's  capability  to  analyze  and 
direct  incentive  programs  for  enlisted  manpower  management. 
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OFFICE  OF  THE  ASSISTANT  SECRETARY 

WASHINGTON.  D.C.  20310 


1 3 OCT  1976 


SUBJECT:  Cost  Effectiveness  Analysis  of  Bonuses  and  Reenlistment 

Policies  Study 


THRU:  Director  of  the  At» 

Department..i>PdTrArmy  * ® 19/6 

Wajiiift^fonT  D.C,  20310 


Deputy  Chief  of  Staff  for  Oj 
and  Plans 

Departmento_t—t-tte'  Army 
WasluJHtirCnrD.C.  20310 


ration^ 


TO:  Commander 

US  Army  Concepts  Analysis  Agency 
8120  Woodmont  Avenue 
Bethesda,  Maryland  20014 


1.  Purpose : This  Category  1 (Manpower  and  Personnel)  study  will  be 

performed  to  develop  an  automated  system  that  will  enable  managers  to 
assess  the  potential  costs  and  effectiveness  of  bonuses  and  bonus 
policies  as  management  tools  to  attract  and  retain  enlisted  personnel. 
This  tasking  directive  supersedes  reference  2a  below, 

2 . References  : 


a.  Letter,  Office  of  the  Assistant  Secretary  of  the  Army,  dated 

23  Apr  76,  subject:  Bonus  Management  Study, 

b.  Program  Objective  Memorandum  FY  77-81. 

c.  Personnel  Inventory  Analysis /Years  of  Service /Objective  Force 
Model  (PLA/YOS /OFM)  System  Documentation. 

d.  Concepts  Analysis  Agency  Study  Report  CAA-SR-74-19 , Vol  1, 
"The  Enlistment  Bonus." 


e.  General  Research  Corporation  Study  Report,  "The  Effect  of  the 
Combat  Army  Enlistment  Bonuses  on  Army  High  School  Graduate  Accessions," 
Feb  76. 
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SUBJECT:  Cost  Effectiveness  Analysis  of  Bonuses  and  Reenlistmenl 

Policies  Study 

3.  Study  Sponsor:  Office  of  the  Assistant  Secretary  of  the  Array  (M&RA). 

4.  Study  Agency:  US  Army  Concepts  Analysis  Agency  (USACAA). 

5.  Terms  of  Reference: 

a.  Background . The  Army  has  historically  used  bonuses  to  attract 
enlisted  personnel  in  military  occupational  specialties  (M3S)  that  are 
perceived  by  the  potential  enlistee  to  be  hazardous  or  unattractive. 

Bonuses  have  also  been  used  to  retain  enlisted  personnel  who  have 
developed  Army  skills  that  are  closely  correlated  with  better  paid 
civilian  jobs.  Because  of  funding  constraints  and  continuing  Congressional 
challenge,  it  is  vital  that  the  Army  use  bonus  dollars  in  the  most 
effective  manner  and  be  able  to  present  a sound  and  comprehensive  case 

to  demonstrate  that  effectiveness.  This  Category  1 cost  effectiveness 
study  will  provide  insights  on  bonus  management  as  well  as  bonus 
effectiveness . 

b.  Problem.  Enlistment  bonuses,  when  expanded  to  include  MOS  other 
than  Combat  Arms  and  used  in  conjunction  with  the  reenlistment  bonus, 
present  the  Army  with  an  increased  capability  to  influence  accessions 
and  retentions.  To  manage  the  bonus  program  effectively,  the  Army  needs 
the  capability  to  predict  the  results  of  bonus  and  policy  decisions  on 
reenlistment  by  MOS  and  the  ability  to  evaluate  the  cost  effectiveness  of 
potential  courses  of  action  designed  to  alleviate  projected  shortfalls. 

c . Ob iectives. 

(1)  To  develop  and  transfer  to  the  US  Army  Military  Personnel 

Center  (MILPERCEN)  an  automated  system  that  will:  (a)  predict  the 

effects  of  the  selective  reenlistment  bonus  (SRB)  and  reenlistment  pol  . 
decisions  on  reenlistment  rates  for  individual  MOS.  (b)  permit  Army 
personnel  managers  to  estimate  the  cost  and  assess  the  effectiveness 

over  time  of  bonus  programs  or  policies  designed  to  alleviate  MOS  shortfalls, 

(2)  To  explore  alternatives  to  high  selective  reenlistment 
bonus  payments  such  as  restoration  of  the  CONUS  to  CONUS  station-of- 
choice  reenlistment  option. 

d.  Scope . The  study  will  encompass  the  following  areas: 

(1)  Bonuses  offered  to  induce  reenlistments. 

(2)  The  potential  effects  of  the  enlistment  bonus  on  reenlistments. 

(3)  Possible  alternatives  to  high  SRB  levels. 

(4)  MOS-unique  continuation  rates. 
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SUBJECT:  Cost  Effectiveness  Analysis  of  Bonuses  and  Reenlistment 

Policies  Study 

e . Limits . 

(1)  This  study  will  be  limited  to  analysis  of  those  MOS 
authorized  a bonus  and  a representative  set  of  plausible  bonus  policies 
as  determined  by  the  sponsor.  Sensitivity  testing  will  be  performed 

on  the  assumptions  and  key  parameters. 

(2)  Models  to  be  developed  will  be  operational  on  the  CAA 
computer  and  CAA  will  provide  system  documentation  and  assistance  to 
aid  in  transferring  those  models  to  MILPERCEN. 

(3)  Analysis  of  SRB  elasticities  will  be  confined  to  Zone  A 

bonuses . 

f.  Time  Frame.  1976/1977. 

g.  Assumpt ions.  See  Inclosure  1. 

h . Essential  Elements  of  Analysis. 

(1)  What  are  the  factors  influencing  reenlistment?  Can  this 
influence  be  quantified? 

(2)  Does  the  enlistment  bonus,  when  used  in  conjunction  with 
SRB,  become  a lower  cost  method  of  providing  fill  to  an  MOS?  If  so, 
what  SRB  level? 

(3)  Are  there  other  cost  alternatives  that  could  be  used  in 
lieu  of  or  in  conjunction  with  the  SRB  to  provide  fill  to  MOS? 

i . Models . 

(1)  PIA/YOS/OFM  (see  reference  c). 

(2)  Automatic  interaction  Detector  (AID). 

(3)  Others  to  be  developed. 

6 . Support  and  Resource  Requirements. 

a.  ODCSPER  will  provide  MOS  and  personnel  information  as  requested 
by  the  study  agency. 

b.  OCOA  will  provide  military  personnel  cost  data  as  requested  by 
the  study  agency. 

c.  MILPERCEN  will  provide  computer  support  and  a POC  for  model 
transfer  as  requested  by  the  study  agency. 
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SUBJECT: 


Cost  Effectiveness  Analysis  of  Bonuses  and  Reenlistment 
Policies  Study 


7 . Administration. 

a.  Study  Title.  Cost  effectiveness  Analysis  of  Bonuses  (t 
Reenlistment  Policies. 

b.  Study  Director.  MAJ  C.  M,  Anderson,  Methodology  and  Resources 
Directorate,  USACAA,  295-0390. 

c.  Study  Schedule.  See  inclosure  2. 

(1)  IPR/SAG  23  Nov  76,  15  Feb  77,  3 May  77. 

(2)  Delivery  of  final  report  - 8 Jul  77. 

d.  Control  Procedures.  The  study  will  be  guided  by  a Study  Advisory 
Group  (SAG)  in  accordance  with  the  provisions  of  Chapter  3,  para  3-4, 

AR  5-5.  The  SAG  chairman  will  be  appointed  by  the  0ASA(M6cRA) ; SAG 
members  will  be  appointed  by  the  SAG  chairman  as  required. 

e . Action  Documents. 

(1)  The  automated  system  will  be  fully  documented  and  programed 
to  run  on  computers  available  at  MILPERCEN. 

(2)  A final  report  on  the  study  will  be  prepared. 


f.  Coordination . This  tasking  document  has  been  coordinated  witt 
CAA  UW  AR  10-38. 
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ASSUMPTIONS 


1 

1.  The  demographic  characteristics  of  accessions  to  an  MOS  will  not  , 

change  unless  the  level  of  the  enlistment  bonus  is  changed.  ^ 

2.  If  one  MOS  is  added  to  the  list  of  MOS  authorized  an  enlistment  \ 

bonus  and  if  the  added  MOS  is  similar  to  MOS  previously  authorized 

an  enlistment  bonus,  there  will  be  no  net  change  in  the  total  ; 

number  of  bonus  recipients. 

3.  At  a given  SRB  level,  the  average  SRB  payment  to  a reenlistee  is  ^ 

independent  of  MOS. 

4.  Continuation  rates  after  the  4th  year  of  service  are  independent 
of  initial  enlistment  obligations. 

5.  The  values  of  exogenous  random  variables  such  as  unemployment 
rates  that  impact  on  the  system  will  remain  relatively  stable. 

6.  The  Objective  Force  Model  will  provide  the  desired  MOS  populations 
by  grade  and  years  of  service  by  which  to  gauge  MOS  shortfall. 

7.  A peacetime  environment  will  continue. 
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SUMMARY 


1.  BACKGROUND.  Technological  advances  in  Army  materiel  have  en- 
couraged the  substitution  of  capital  for  labor;  however,  the  Army 
remains  a labor  intensive  force  with  personnel  cost  constituting 
the  single  greatest  expenditure  within  the  Army  budget.  The 
trained  soldier,  therefore,  is  both  the  Army's  principal  "combat 
system"  and  its  major  expense.  As  such,  the  trained  soldier  rep- 
resents a valuable  asset  involving  considerable  investment  in  re- 
sources and  specialized  capabilities  justifying  intensive  and  dy- 
namic programs  designed  to  improve  personnel  retention. 

a.  An  illustrative  program  is  the  reenlistment  bonus.  The 
reenlistment  bonus  is  designed  specifically  to  increase  the  reen- 
listment rates  of  soldiers  who  are  in  military  occupational  speci- 
alties (MOS)  that  are  understrength  because  of  low  retention;  low 
retention  may  be  due  to  the  perceived  hazardous  nature  of  the  MOS 
or  the  perception  that  the  Army  is  not  competitive  with  the  wages 
provided  by  the  private  sector.  Limited  options  exist  to  change 
the  hazardous  realities  of  certain  MOS;  however,  the  reenlistment 
bonus  is  a potentially  powerful  management  tool  that  can  be  used 
to  compensate  for  the  hazard  or  to  offset  the  perception  of  low 
wages. 

b.  Because  bonuses  can  be  expensive  and  some  soldiers  may  be 

motivated  to  reenlist  for  other  than  financial  considerations,  a 
continuing  effort  must  be  placed  on  using  the  bonus  effectively 
and  on  using  incentives  which  may  serve  as  less  expensive  but 
equally  effective  incentives  or  surrogates  for  the  bonus.  The 
manner  in  which  to  focus  bonus  programs  can  be  identified  by  ob- 
serving the  pattern  of  reenlistment  behavior  exhibited  by  the  en- 
listed force.  This  behavior  is  sharply  divided  between  two 
groups:  the  first-term  soldiers  and  the  career  soldiers.  First- 

term  soldiers  are  individuals  who  are  serving  their  initial  en- 
listment, and  career  soldiers  are  those  who  have  reenlisted  at 
least  once.  The  reenlistment  rate  of  career  soldiers  is  both 
higher  (nearly  double)  and  more  stable  than  the  reenlistment  rate 
of  first-term  soldiers.  It  is  the  transition  of  first-temi  sol- 
dier to  career  soldier,  or  the  first  reenlistment,  which  consti- 
tutes the  critical  focal  point  for  the  reenl  i stjnent  bonus  or  cost 
effective  alternatives  to  that  bonus.  Although  the  genera''  low 
reenlistment  rate  of  the  first-term  force  is  well  known,  the 
reasons  for  it  are  subtle  and  complex.  Because  of  the  signifi- 
cance and  complexity  associated  with  analyzing  and  controlling 
first-term  retention,  people  who  manage  the  Army's  bonus  program 
(bonus  managers)  recognized  the  need  for  a system  to  assist  in 
integrating  the  formulation,  analysis  and  assessment  of  policies 
designed  to  influence  retention  of  the  first-term  force. 
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2.  PURPOSE  AND  SCOPE.  The  Cost  Effectiveness  Analysis  of  Bonuses 
and  Reenl i sttnent  Policies  (CEABREP)  Study  was  initiated  at  the 
direction  of  the  Deputy  Assistant  Secretary  of  the  Army  for  Man- 
power and  Reserve  Affairs  [DASA,  (M4RA)].  The  purpose  of  this 
study  was  to  develop  an  automated  system  that  would  assist  bonus 
managers  in  assessing  the  costs  and  effectiveness  of  reenlistment 
bonuses  and  bonus  policies.  Closely  related  to  this  purpose  was 
an  objective  to  explore  alternatives  to  the  reenlistment  bonus. 
Because  the  reenlistment  behavior  of  the  first-term  force  is  the 
critical  focal  point  for  application  of  the  reenlistment  bonus, 
the  emphasis  of  this  study  was  on  the  first  term  soldier:  how  to 
assess  his  retention  behavior  more  precisely;  how  to  improve  it 
through  incentive  programs. 

3.  APPROACH  AND  IMPACT.  The  bonus  manager,  in  order  to  influence 
the  retention  of  the  first-term  soldier,  must  have  specific  infor- 
mation to  focus,  formulate,  and  evaluate  his  programs.  This  in- 
formation is  developed  from  the  components  of  the  analytical  envi- 
ronment in  which  the  bonus  manager  operates.  Effective  management 
within  this  environment,  depicted  in  Figure  1,  consists  of  quanti- 
tative assessments  of: 

• Force  projections 

0 Reenlistment  behavior 

0 Alternatives  to  the  reenlistment  bonus 

0 Cost 

The  components  of  the  bonus  management  environment  formed  the 
framework  for  the  approach  to  this  study  and  the  nucleus  of  the 
automated  system  that  was  designed  to  assist  the  bonus  managers. 
The  following  discussions  summarize  how  these  components  were  ad- 
dressed within  the  study  report  and  integrated  into  the  automated 
system  design. 
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Figure  1.  Bonus  Management  Environment 

a.  Force  Projection.  The  Army  uses  a computer-based  simula- 
tion model  to  estimate  the  future  personnel  composition  of  the 
force.  This  model,  the  Personnel  Inventory /Year  of  Service  (PIA/ 
YOS)  Model,  projects  the  current  enlisted  force  from  one  to  four 
years  into  the  future.  These  projections  are  used  throughout  the 
manpower  management  community  and,  in  particular,  by  bonus  man- 
agers to  identify  which  MOS  are,  and/or  will  be,  understrength  and 
to  quantify  the  shortfalls.  The  PIA/YOS  Model,  therefore,  pro- 
vides the  basis  for  planning,  programing,  and  allocating  resources 
within  the  bonus  program.  As  input,  the  PIA/YOS  Model  requires 
continuation  rates,  i.e.,  data  specifying  the  liKelihood  that  sol- 
diers in  the  current  force  will  remain  in  service  for  at  least  one 
more  year.  In  the  past,  the  complexities  of  personnel  changes 
from  one  1‘IOS  to  another  and  the  addition  or  deletion  of  MOS  have 
precluded  the  development  of  continuation  rates  for  each  MOS  level 
and,  consequently,  aggregrateo  rates  based  on  total  Army  (all  MOS) 
statistics  have  been  used.  A significant  improvement  developed 
for  and  incorporated  into  the  CEABREP  system  design  was  a metho- 
dology to  compute  MOS-unique  continuation  rates.  This  methodology 
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led  to  an  operational  algorithm  which  has  been  integrated  into  the 
PIA/YOS  Model;  as  a consequence,  MOS  projections  provided  by  the 
PIA/YOS  Model  are  based  on  the  aggregated  historical  continuation 
pattern  of  each  MOS  and  not  on  the  historical  performance  of  the 
Army.  These  MOS  projections,  accordingly,  provide  a more  informa- 
tive basis  upon  which  to  shape  and  focus  the  bonus  program. 

b.  Estimates  of  First-Term  Reenlistment  Potential.  Reenlist- 
ment behavior  expressed  in  terms  of  aggregated  monthly  reenlist- 
ment rates  provides  information  useful  in  estimating  total  force 
levels  under  current  policies  and  bonus  levels.  However,  because 
these  rates  reflect  the  total  pattern  of  all  soldiers  and  all  MOS, 
aggregated  rates  cannot  be  used  to  estimate  the  effect  of  policies 
designed  to  change  reenlistment  behavior  for  specific  groups  of 
soldiers. 

(1)  To  provide  the  capability  of  estimating  the  effects  of 
bonus  policies  on  first  term  retention,  a methodology  for  taking  a 
multidimensional  view  of  reenlistment  behavior  was  developed. 

This  development  was  supported  by  analysis  of  demographic  charac- 
teristics of  soldiers  who  entered  the  service  in  FY  71;  this 
analysis  defined  32  subpopulations  which  exhibited  reasonably  ho- 
mogeneous reenlistment  behavior.  These  subpopulations  were  de- 
fined by  four  variables:  race,  education,  pay  grade,  and  number  of 
dependents  (see  Table  1). 

Table  1.  Classes  within  Variables  used  to  Define  Subpopulations 


Variabl e 

classes  Within  Variable 

Race 

Black 

White  and  other 

Pay  r,rade 

E1-E3 

E4  and  above 

Number  of  Dependents 

None 

One  or  more 

fducd  t ion 

Non-hlph  school  nrdriuatp 
Hiah  school  diploma  nraduate 
fiED  hidh  school  nra-hio'e 
Some  colleoe  education 
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12)  Figure  2 identifies  the  subpopulations  which  have  the 
highest  and  lowest  reenlistment  responses  within  the  Black  and 
White  subpopulations.  Figure  2 also  indicates  a trend  observed  in 
the  FY  71  data  where  the  subpopulations  within  race  generally  ex- 
hibited parallel  responses.  For  example,  the  General  Education 
Development  (GED)  high  school  graduates,  with  dependents  and  in 
grade  E4  and  above  had  the  highest  observed  reenlistments  rates  in 
both  the  Black  and  White  racic^  categories;  those  with  more  than  a 
high  school  education,  without  dependents  and  in  grades  E1-E3  had 
the  lowest  reenlistment  rates.  The  generally  higher  reenlistment 
rates  demonstrated  by  Black  subpopulations  does  not  obviate  the 
fact  that  certain  White  subpopul ations  (e.g.,  GED  high  school, 
with  dependents,  E4  and  above)  reenlist  at  higher  rates  than  cer- 
tain Black  subpopulations  (e.g.,  more  than  high  school,  no  depen- 
dents, E1-E3).  Examination  of  the  reenlistment  rates  demonstrated 
by  the  subpopulations  provides  useful  insights  on  past  reenlist- 
ment behavior  and  provides  a template  with  which  to  estimate  the 
reenlistment  behavior  of  the  current  force.  Quantified  estimates 
of  the  reenlistment  rates  by  SRB  level  for  the  32  subpopulations 
of  the  FY  71  enlistees,  are  included  in  Chapter  4. 

c.  Bonus  Alternatives.  Because  the  reenlistment  behavior  of 
first  term  soldiers  varies  from  one  subpopulation  to  another  and 
because  funding  constraints  may  limit  the  size  or  quantity  of  bo- 
nuses, alternatives  to  high  bonuses  are  required  to  provide  the 
manager  with  increased  flexibility.  Two  cost  effective  alterna- 
tives to  the  reenlistment  bonus  are  analyzed  within  this  report. 
These  alternatives  are:  induced  reclassification  and  the  CONUS- 

to-CONUS  station  of  choice  option. 

(1)  Induced  Reclassification.  Induced  reclassification  is 
an  option  which  offers  a minimum  bonus  payment  to  soldiers  in  sur- 
plus MOS  who  voluntarily  reclassify  into  shortage  MOS.  This  bonus 
payment  is  offered  in  lieu  of  increasing  the  bonus  level  for  sol- 
diers already  serving  in  the  shortag-'  MOS,  Induced  reclassifica- 
tion is  designed  to  redirect  the  reenl i stment  potential  existing 
in  surplus  MOS  into  shortage  MOS.  Analysis  of  this  alternative 
shows  this  to  be  a cost  effective  mechanism  for  personnel  manage- 
ment. 
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(2)  CONUS- to-CONUS  Station  of  Choice.  This  option,  cur- 
rently not' oTTer^,  is  designeSn.o  attract  soldiers  who  are  not 
highly  motivated  by  monetary  inducements  but  who  may  have  strong 
geographical  preferences.  The  option  eliminates  a relatively  high 
bonus  payment  and  incurs,  instead,  a lower  cost  for  a permanent 
change  of  station  (PCS)  move. 

d.  Cost.  In  evaluating  bonus  and  policy  alternatives,  the 
bonus  manager  must  know  the  cost  of  the  options  available  to  him; 
this  is  required  not  only  to  assess  the  cost  effectiveness  of 
policies  but  also  to  develop  a budget.  The  CEABREP  methodo.ogy 
provides  the  capability  to  compute  rapidly  cost  differentials  be- 
tween alternatives. 

e.  CEABREP  System.  The  automated  system  design  resulting  from 
this  study  meets  the  fundamental  requirements  for  managing  a bo- 
nus program.  In  Figure  3,  the  system  design  is  presented.  The 
system  begins  with  current  policies  (base  case).  Refined  input 
data,  in  the  form  of  MOS-unique  continuation  rates,  are  used  to 
increase  the  accuracy  of  force  projections  provided  by  the  PIA/YOS 
Model.  The  force  projection  is  then  evaluated  in  terms  of  MOS 
fill  and  program  costs.  If  the  projected  force  does  not  satisfy 
personnel  or  funding  constraints,  known  information  on  the  his- 
torical effects  of  prior  bonus  level  and  policy  changes  can  be 
used  to  formulate  new  al ternati ves.  These  new  alternatives  result 
in  changes  to  the  projected  force  and  the  process  is  continued 
until  personnel  and  cost  constraints  are  met.  Incorporation  of 
this  complex  methodology  into  a single  automated  system  would  pro- 
vide the  bonus  manager  with  the  capability  to  identify  shortage 
MOS  within  a projected  force;  to  assess  the  cost  and  effect  of 
alternatives  designed  to  reduce  the  shortage;  and  to  compare  these 
alternatives  to  determine  their  cost  effectiveness. 
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4.  DATA.  The  CEABREP  system  requires  a supporting  data  base  con- 
sisting of  five  contiguous  years  of  demographic  data  on  soldiers 
entering  the  service.  This  quantity  of  data  is  required  to  mea- 
sure continuation  and  reenlistment  behavior  of  soldiers  with  vari- 
ous years  of  service.  This  data  base  could  not  be  developed  from 
existing  sources  because  the  required  historical  personnel  files 
are  retained  currently  by  MILPERCEN  for  only  three  years.  Accord- 
ingly, the  CEABREP  system  design  presented  within  this  report 
could  not  be  fully  validated  with  actual  data. 

5.  ESSENTIAL  ELEMENTS  OF  ANALYSIS.  The  EEA  specified  in  the 
tasking  directive  are  discussed  below. 

a.  What  are  the  factors  influencing  reenlistment?  Can  this 
influence  be  quantified? 

(1)  Since  only  the  data  on  FY  71  enlistees  were  available  to 
this  study,  the  quantitative  answer  is  limited  to  that  group.  In 
spite  of  the  data  limitations;  however,  it  can  be  affirmed  that 
reenlistment-influencing  factors  can  be  identified  and  quantified. 

(2)  The  most  important  factors  influencing  the  reenlistment 
oehavior  of  FY  71  accessions  were  race,  education,  pay  grade,  and 
the  number  of  dependents.  Estimating  relationships  were  derived 
to  predict  reenlistment  as  a function  of  these  variables  and  the 
SRB.  These  estimating  relationships  are  presented  in  Chapter  4. 

b . Does  the  enlistment  bonus,  when  used  in  conjunction  with 
the  SRB,  become  a lower  cost  method  of  providing  fill  to  an  MOS? 

If  so,  what  SRB  level ? This  EEA  could  not  be  addressed  during  the 
study  because  of  data  limitations  discussed  in  Chapters  1 and  2. 
Only  the  FY  71  cohort  file  was  available  and  the  enlistment  bonus 
was  not  offered  in  FY  71. 

c.  Are  there  other  cost  alternatives  that  could  be  used  in 
lieu  of  or  in  conjunction  with  the  bRB  to  provide  fill  to  MO S ? 

Yes.  Specific  examples  include  restoration  of  the  CONUS-to-CONUS 
station  of  choice  reenlistment  option  and  induced  reclassification 
whereoy  soldiers  in  surplus  MOS  are  encouraged  to  reenlist  for 
shortage  MOS.  These  alternatives  were  shown  to  be  cost  effective 
at  the  MOS  level,  but  were  not  recommended  as  general  reenlistment 
i nducements. 

6.  OBSERVATIONS.  The  major  observations  resulting  from  this 
study  of  the  reenl i stment  process  are  as  follows; 

a.  Reenlistment  factors  can  be  developed  and  quantified  using 
historical  reenlistment  data.  These  factors  can  be  used  to  provide 
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a comprehensive  view  of  reenlistment  behavior.  Observations  rele- 
vant to  three-  and  four-year  enlistees  of  the  FY  71  cohort  are; 

(1)  The  most  significant  variables  as  predictors  of  reen- 

listment  behavior  for  FY  71  accessions  were:  race,  education,  pay 

grade  and  the  number  of  dependents. 

(2)  The  best  single  discriminator  of  reenlistment  behavior 
is  race.  The  Black  racial  group  reenlisted  at  a rate  approxi- 
mately double  the  rate  of  Whites  and  Others  at  all  SRB  levels. 

(3)  Within  the  education  category,  GED  high  school  graduates 
exhibited  the  highest  reenlistment  rate  and  those  with  some  educa- 
tion beyond  high  school  demonstrated  the  lowest  propensity  to  re- 
enlist. At  the  SRB  1 level,  high  school  diploma  graduates  reen- 
listed at  a slightly  higher  rate  than  non-high  school  graduates; 
however,  high  school  diploma  graduates  were  influenced  by  in- 
creased bonus  levels  to  a greater  extent  than  non-high  school 
graduates. 

(4)  Soldiers  in  pay  grades  E-4  and  above  consistently  dis- 
played higher  reenlistment  rates  than  individuals  in  pay  grades 
E1-E3.  Those  in  pay  grades  E1-E3  had  low  reenlistment  rates  at 
the  SRB  1 level  compared  to  soldiers  in  grade  E4  and  above,  and 
little  improvement  was  noted  as  the  bonus  level  increased. 

(5)  At  the  SRB  1 level,  the  difference  in  the  responses  of 
soldiers  with  dependents  and  those  without  dependents  was  not  sig- 
nificant. As  the  bonus  level  was  increased,  individuals  with  de- 
pendents exhibited  higher  reenlistment  propensities  than  those 
without  dependents. 

(6)  The  general  trends  in  reenlistment  which  emerge  when 
viewing  the  four  retention  factors  (race,  education,  pay  grade, 
number  of  dependents)  both  in  concert  and  in  isolation  reinforce 
the  need  to  view  the  attributes  of  the  soldier  in  more  than  one 
dimension.  The  multidimensional  view  permits  improved  estimates 
of  the  kind  of  soldier  the  Army  will  attract  with  an  incentive 
policy  and  where,  if  possible,  to  focus  that  policy. 

b.  Force  projections  at  the  MOS/grade/year  of  service  level  o^ 

detail  can  be  improved  using  MOS-unique  continuation  rates  devel- 
oped for  the  CEABREP  system.  ' 

c.  There  are  cost  effective  alternatives  to  high  SRB  levels. 
These  alternatives  can  provide  flexibility  to  managers  and  appeal 
to  a wider  spectrum  of  potential  reenlistees.  Such  alternatives 
should  be  used  to  alleviate  imbalances  in  MOS  and  should  not  be 
used  as  general  reenlistment  i nducetnents. 
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d.  Implementation  of  the  CEABREP  system  would  provide  the  po- 
tential for  improved  management  of  the  incentives  program  through 
the  use  of  automation.  The  system  would  provide  the  capability  of 
analyzing  reenlistment  in  terms  of  policies,  monetary  incentives, 
and  exogenous  influences  which  cumulatively  constitute  the  reen- 
listment environment. 

(1)  The  data  base  to  support  the  CEABREP  system  design  does 
not  currently  exist.  Implementation  of  the  CEABREP  system  would 
require  that  MIlPERCEN  collect  demographic  data  on  accession  co- 
horts, institute  data  quality  assurance  procedures,  and  maintain 
data  spanning  at  least  five  years. 

(2)  The  data  base  acquired  to  support  the  CEABREP  system 
would  provide  a source  of  data  to  support  other  Category  1 Man- 
power/Personnel studies  dealing  with  the  demographic  characteris- 
tics of  Army  enlisted  personnel. 
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Cost  Effectiveness  Analysis  of  Bonuses  and  Reenlistment  Policies 

Study  (CEABREP) 

CHAPTER  1 
INTRODUCTION 


1-1.  BACKGROUND.  The  Arn\y  has  placed  increasing  emphasis  on  in- 
troducing more  sophisticated  and  effective  equipment  into  its  in- 
ventory to  Improve  the  combat  capability  of  the  force  and  to  re- 
duce the  number  of  military  personnel  needed  to  operate  and  main- 
tain that  equipment.  Despite  these  efforts,  the  Army  remains  a 
labor-intensive  force  and  must  compete  with  the  private  sector  for 
its  manpower.  In  testimony  on  2 March  1977  before  the  US  Senate 
Armed  Services  Committee's  Subcommittee  on  Manpower  and  Personnel 
regarding  a study  performed  for  that  subcommittee,  Dr.  William  R. 
King  stated  that,  "...the  'total  force'  of  active  forces  and  re- 
serves will  need  to  recruit  1 of  every  2 qualified  and  available 
male  youths  in  the  mid  to  late  198U’s."  In  regard  to  recommenda- 
tions made  by  the  Gates  Commission*  on  the  all  volunteer  force. 

Dr.  King  further  stated,  "...the  recommended  programs  of  capital 
substitution  for  labor,  ci vi 1 i anization,  and  reenlistment  rate 
improvement,  which  would  reduce  the  demand  for  young  qualified 
males,  have  not  been  aggressively  pursued  by  DOD."  If  the  Army  is 
to  compete  successfully  for  its  manpower,  then  it  must  have  the 
capability  to  assess  the  effects  of  external  and  internal  factors 
which  influence  enlistments  and  reenlistments  and  be  prepared  to 
use  these  assessments  to  sharpen  accession  and  retention  programs. 

a.  Historically,  the  Army  has  used  bonuses  to  attract  and  re- 
tain enlisted  personnel  in  military  occupational  specialties  (MOS) 
that  are  perceived  to  be  hazardous  or  unattractive.  Bonuses  have 
also  been  used  to  retain  enlisted  personnel  who  have  developed 
Army  skills  that  are  closely  related  to  better  paid  civilian  jobs. 
Bonuses  are  paid  directly  to  the  service  member  and  may  be  shifted 
rapidly  between  MOS  as  MOS  shortages  occur.  The  bonus  program 
has,  therefore,  great  flexibility  and  incentive  potential.  Be- 
cause of  tightening  defense  budgets;  however,  the  Army  must  use 
its  bonus  dollars  in  the  most  efficient  and  effective  manner  that 
will  assure  the  highest  number  of  enl i stments/reenl i stments  at  the 
lowest  cost.  The  Army  must  also  be  able  to  present  a sound  and 
measurable  case  to  demonstrate  that  effectiveness. 


*U.S.  President's 
Report. , Washington, 


Commission  on  an  A1 1 -Volunteer  Armed  Force- 
U.S.  bovt.  Printing  Office,  19/U. 
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t).  In  1974,  the  US  Arn\y  Concepts  Analysis  Agency  (CAA)  per- 
formed a personnel  study  to  determine  the  cost  effectiveness  of 
bonuses.*  This  study  demonstrated  that  the  enlistment  bonus  was  a 
cost  effective  management  tool.  Because  of  data  limitations,  how- 
ever, the  study  did  not  include  an  analysis  of  the  reenlistment 
bonus.  Following  efforts  by  the  Army  to  assemble  a data  base 
which  would  support  analysis  of  the  reenlistment  bonus,  the  Cost 
Effectiveness  Analysis  of  Bonuses  and  Reenlistment  Policies 
(CEABREP)  Study  was  initiated  in  197b  by  direction  of  the  Assis- 
tant Secretary  of  the  Army  for  Manpower  and  Reserve  Affairs. 
Analysis  concerning  the  reenlistment  bonus  was  needed  to  measure 
the  effectiveness  of  current  reenlistment  incentive  programs  and 
to  determine  if  alternative  incentives  could  be  used  to  meet  man- 
power objectives  at  a lower  cost. 

1-2.  PURPOSE.  The  US  Army  Concepts  Analysis  Agency  was  tasked  to 
conduct  a category  1 (Manpower  and  Personnel)  study  to  develop  an 
automated  system  that  will  enable  managers  to  assess  the  potential 
costs  and  effectiveness  of  alternative  bonus  levels  and  bonus 
policies  as  management  tools  to  attract  and  retain  personnel. 

This  purpose  recognizes  that  all  programs  and  policies  designed  to 
increase  accessions  and/or  retention  through  incentives  (both 
monetary  and  nonmonetary)  must  be  integrated  into  an  overall  in- 
centives management  process.  Accordingly,  the  automated  system 
discussed  in  this  report  was  designed  to  project  the  effects  of 
various  incentive  policies  and  to  provide  a basis  for  comparing 
incentive  policies.  These  comparisons  will  provide  personnel  man- 
agers quantitative  rationale  by  which  to  select  the  incentive  pol- 
icy providing  the  highest  probable  retention  at  the  lowest  cost. 

1-3.  SCOPE.  Because  of  data  limitations,  the  scope  of  this  study 
was  modified  from  the  original  tasking  directive  to  exclude  items 
of  analysis  which  could  not  be  supported  by  existing  Army  person- 
nel data.  These  excluded  items  are  highlighted  within  this  report 
and  the  rationale  for  their  deletion  is  presented  in  detail  in 
paragraph  1-8,  and  in  Chapter  2. 

a.  This  study  report  encompasses  the  following  items  of  analy- 
sis: 


*CAA  Report  SR-74-lg,  "Cost  Effectiveness  Analysis  of  Enlist- 
ment/Reenlistment Bonuses,"  18  Nov  74,  UNCLASSIFIED. 
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(1)  Bonuses  offered  to  induce  reenlistments. 

(2)  Reenlistment  Incentives  as  alternatives  to  high  selec- 
tive reenlistment  bonuses  (SRB). 

(3)  Force  projection  accuracy. 

b.  The  following  items  were  excluded  from  analysis  because  of 
data  limitations: 

(1)  The  potential  effects  of  the  enlistment  bonus  on  reen- 
listments. 

(2)  The  effects  of  external  factors  such  as  unemployment  on 
reenlistment. 

1-4.  ESSENTIAL  ELEMENTS  OF  ANALYSIS  (EEA).  The  EEA  pertaining  to 
this  study  are  listed  below.  As  explained  In  paragraph  1-8  and 
Chapter  2,  data  was  not  available  for  enlistment  bonus  recipients. 
The  lack  of  this  data  precluded  analysis  of  the  second  EEA. 

a.  What  are  the  factors  influencing  reenlistment?  Can  this 
influence  be  quantified? 

b.  Does  the  enlistment  bonus,  when  used  In  conjunction  with 
SRB,  become  a lower  cost  method  of  providing  fill  to  an  MOS?  If 
so,  what  SRB  level? 

c.  Are  there  other  cost  alternatives  that  could  be  used  in 
lieu  of  or  in  conjunction  with  the  SRB  to  provide  fill  to  an  MOS? 

1-5.  APPROACH.  An  overview  of  the  approach  used  for  designing  an 
automated  system  to  assist  in  management  of  the  Army  Bonus  Program 
is  shown  in  Figure  1-1.  This  approach  consisted  of  identifying 
the  information  or  tools  that  the  bonus  manager  requires  for  di- 
recting and  assessing  an  incentives  program  and  establishing  the 
tasks  necessary  to  meet  the  requirements.  (See  Figure  1-1.)  The 
tasks  formed  the  basis  for  the  study  effort  and  provided  focus  for 
designing  an  automated  system  to  assist  the  bonus  manager.  The 
following  paragraphs,  keyed  to  the  requirements  shown  in  Figure 
1-1,  provide  supporting  rationale  for  the  study  approach. 


Bonus 

‘•lanagement  — *•  — - - ■—  CEABREP  Approach 
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Figure  1-1.  Study  Approach 
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3*  Force  Projections.  Bonus  management  requires  accurate  and 
periodic  Identification  cf  personnel  shortfall  by  MOS.  Because 
this  requirement  Is  fundamental,  focus  was  directed  toward  improv- 
ing the  Army's  capability  to  develop  force  projections  that  were 
accurate  at  the  MOS  level.  The  current  method  of  calculating  force 
projections  is  based  on  an  aggregated  continuation  rate  that  is 
used  for  all  MOS.  (A  continuation  rate  is  a probability  that  a 
soldier  will  remain  in  service  one  more  year.)  By  developing 
separate  continuation  rates  for  each  MOS,  improved  force  projec- 
tions would  result,  revealing  those  MOS  requiring  the  attention  of 
the  bonus  manager.  Improved  force  projections  were  obtained  by 
modifying  the  input  to  an  existing  Ani\y  personnel  simulation 
model.*  Modification  of  an  existing  model  minimized  the  cost  to 
the  Arn\y  and  avoided  duplication  of  current  capabilities. 

b.  Policy  Effects.  The  reenlistment  incentive  policies  con- 
sidered in  this  study  were: 

(1)  The  Selective  Reenlistment  Bonus  (SRB):  The  SRB  is  cur- 
rently used  to  increase  the  number  of  reenlistments  in  designated 
critical  MOS  that  are  characterized  by  retention  levels  insuffi- 
cient to  adequately  man  the  force.  Two  zones  of  eligibility  exist 
for  the  SRB: 

(a)  Zone  A:  Reenlistments  which  occur  between  21  months 

and  six  years  of  active  service. 

(b)  Zone  B:  Reenlistments  which  occur  between  six  years 

and  ten  years  of  active  service. 

The  amount  of  the  SRB  (zones  A and  B)  is  computed  as  follows: 

Basic  pay  times  years  or  fractions  of  years  of  additional 
Obligated  service  times  SRB  multiplier  or  designator  = SRB.  The 
SRB  designator  (e.g.,  SRB  1...SRB  5)  is  established  by  Department 
of  the  Army  based  on  the  criticality  of  the  MOS.  (See  AR  60U-200 
for  complete  discussion  of  bonus  eligibility  and  payments). 

(2)  Induced  MOS  reclassification:  This  reenlistment  incen- 
tive offers  a minimum  bonus  payment  to  soldiers  in  surplus  *^0S  wno 
volunta’"ily  reclassify  into  shortage  MOS.  '^'he  bonus  payment  is 
offered  in  lieu  of  increasing  the  bonus  level  for  soldiers  already 
serving  in  the  shortage  MOS.  This  incentive  is  not  currently 
offered. 


‘Personnel  Inventory/Year  of  Service  Model  (PIA/YOS)  see 
Chapter  2,  pp  2-2. 
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(3)  The  CONUS-to-CONUS  station  of  choice  option:  This  reen- 

iistment  option  guarantees  assignment  to  a CONUS  station  of  choice 
for  soldiers  serving  in  CONUS.  The  CONUS  station  of  choice  is 
currently  offered  only  to  soldiers  serving  in  an  overseas  area. 
(See  AR  601-280  for  option  eligibility  and  prerequisites.) 

These  three  policies  were  selected  for  the  following  reasons: 
these  policies  have  the  potential  of  favorably  influencing  reen- 
listments thereby  resolving  MOS  shortages;  the  policies  can  be 
focused  directly  on  problem  MOS;  and  they  are  policies  which  are 
either  currently  in  effect  (SRB  and  reclassification)  or  were  used 
(station  of  choice)  during  the  time  frame  relevant  to  the  study 
data  base  used  in  the  study.  The  potential  effects  of  each  policy 
could  therefore  be  estimated  in  terms  of  its  cost  effectiveness. 

c.  Reenlistment  Factors.  A soldier's  decision  to  reenlist  was 
assumed  to  be  a function  of  many  variables  or  influences.  Some  of 
these  variables  are  demographic,  some  economic,  and  some  social. 
Study  efforts  were  directed  toward  an  examination  and  quantitative 
analysis  of  reenlistment  behavior  and  influences  in  order  to  de- 
velop predictors  that  could  be  used  to  project  reenlistments. 

This  analysis  was  performed  on  historical  data  consisting  of  the 
personnel  records  of  all  enlisted  service  members  who  entered  the 
Army  in  FY  71;  included  in  the  data  were  the  month  and  year  of 
each  person's  separation  or  first  reenlistment.  (This  file,  callec 
the  FY  71  cohort  file,  is  discussed  in  more  detail  in  Chapter  4.) 
The  analysis  of  reenlistment  factors  was  performed  by  dividing  the 
historical  records  into  subgroups  stratified  by  such  variables  as 
age,  race,  and  education,  and  then  correlating  the  reenlistment 
behavior  of  these  groups  with  bonus  levels. 

d.  Costs.  The  costs  evaluated  in  this  study  consisted  of 
those  expenses  which  differentiate  bonus  policies.  Costs  which 
would  be  incurred  regardless  of  policy  (e.g.,  pay  and  allowances) 
are  not  considered.  Thus  the  CEABREP  study  focuses  on  the  differ- 
ences in  costs  between  various  bonus  and  reenlistment  policies. 

The  elements  of  expense  which  reflect  these  differences  are: 

(1)  Cost  of  the  bonus  (SRB) 

(2)  Training  costs 

(3)  Permanent  Change  of  Station  (PCS)  costs 

Each  of  these  cost  categories  represent  expenses  potentially  in- 
curred in  the  policy  alternatives  discussed  in  the  previous  para- 
graph. For  example,  SRB  costs  relate  to  the  SRB  levels  offered  a 
soldier;  training  costs  are  significant  where  “^OS  reda -"^^i  fication 
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1s  involved  and  PCS  costs  are  relevant  to  the  station  of  choice  | 

reenl 1 stment  option.  Cost  areas  such  as  nominal  soldier  i 

pay /benefits  and  accession  costs  (recruitment  and  initial  Army 
training)  are  either  sunk  costs  or  are  common  to  all  soldiers 
regardless  of  the  manner  in  which  each  soldier  is  persuaded  to 

reenlist.  Accordingly,  this  study  focused  on  the  cost  I 

differentials  between  incentive  policies  to  highlight  the  cost  ' 

effectiveness  of  each  policy. 

i 

e.  Task  Integration.  By  estimating  the  impact  which  a policy  j 

has  on  reenlistments,  the  projected  effect  of  the  policy  on  the 
Army  force  can  be  gauged  using  the  previously  mentioned  ODCSPER 
simulation  model.  Separately,  costs  to  support  the  policy  can  be 
determined.  The  policy  can  then  be  accepted,  modified,  or  re- 
jected based  upon  an  evaluation  of  its  cost  effectiveness. 

1-6.  ASSUMPTIONS.  Major  assumptions  pertinent  to  the  study  and 
specialized  in  the  tasking  directive  are: 

a.  The  demographic  characteristics  associated  with  accessions 
to  an  MOS  will  not  change  unless  the  level  of  the  enlistment  bonus 
is  changed. 

b.  If  one  MOS  is  added  to  the  list  of  MOS  authorized  an  en- 
listment bonus  and  if  the  added  MOS  is  similar  to  MOS  previously 
authorized  an  enlistment  bonus,  there  will  be  no  net  change  in  the 
total  number  of  bonus  recipients. 

c.  At  a given  SRB  level,  the  average  SRB  payment  to  a reenlis- 
tee is  independent  of  MOS  (SRB  payments  are  computed  based  on  base 
pay  times  the  number  of  years  of  reenlistment  obligation  times  SRB 
multiplier  or  SRB  level). 

d.  Continuation  rates  (probabilities  of  remaining  in  service 
at  least  one  more  year)  after  the  4th  year  of  service  are  indepen- 
dent of  initial  enlistment  obligations. 

e.  The  values  of  exogenous  random  variables  such  as  unemploy- 
ment rates  that  impact  on  reenlistment  will  remain  relatively 
stable. 
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f.  The  Objective  Force  Model*  will  provide  the  desired  MOS 
populations  by  grade  and  years  of  service  by  which  to  gauge  MOS 
shortfall . 

g.  A peacetime  environment  will  continue. 

1-7.  STUDY  LIMITS.  Limits  specified  in  the  tasking  directive  for 
this  study  are; 

a.  Limit  analysis  to  MOS  authorized  a bonus  and  a representa- 
tive set  of  plausible  bonus  policies  as  determined  by  the  sponsor. 

b.  Analysis  of  the  effect  of  the  SRB  will  be  limited  to  zone  A 
bonuses. 

1- 8.  VALIDATION  OF  CEABREP  SYSTEM.  Operation  of  the  CEABREP  sys- 
tem discussed  within  this  report  requires  supporting  data  bases  of 
five  chronologically  consecutive  data  files.  These  files,  called 
cohort  files,  contain  demographic  data  on  soldiers  grouped  by  the 
fiscal  year  these  soldiers  entered  the  Army.  The  structure,  con- 
tent and  rationale  for  these  files  are  discussed  in  detail  within 
the  study  report.  Although  one  cohort  file  was  available  to  de- 
velop the  methodology  for  the  CEABREP  system,  the  five  consecutive 
supporting  files  required  to  support  operation  of  the  system  were 
not.  Accordingly,  direct  validation  of  the  CEABREP  system  and 
analysis  of  CEABREP  output  could  not  be  performed.  This  data 
limitation  is  discussed  in  more  detail  in  Chapter  2,  paragraph 

2- 8. 


1-9.  STUDY  REPORT.  The  remainder  of  this  report  presents  a de- 
tailed discussion  of  the  study  methodology  {Chapter  2);  a discus- 
sion of  the  techniques  used  to  develop  MOS  continuation  rates 
(Chapter  3);  development  and  analysis  of  reenlistment  factors 
(Chaoter  4);  and  a discussion  of  bonus  alternatives  (Chapter  5). 
The  study  observations  are  presented  in  Chapter  6,  and  a series  o’^ 
appendixes  provide  detailed  information  to  support  specific  dis- 
cussions within  the  main  report. 


* A subsystem  of  the  PIA/YOS  Model  used  oy  ODCSPER  to  determine 
the  number  of  soldiers  required  in  each  MUS/grade/year  of  service 
to  satisfy  Army  operational  requi rements. 
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CHAPTER  2 
METHODOLOGY 


2-1.  OVERVIEW.  A diagramatic  overview  of  the  methodology  to  as- 
sess the  cost  effectiveness  of  bonuses  and  reenlistment  policies 
is  presented  in  Figure  2-1.  Existing  Arn\y  personnel  policies, 
bonuses,  costs,  and  populations  constitute  the  base  case.  Since 
the  purpose  of  CEABREP  is  to  determine  the  least  cost  method  of  "* 
providing  fill  to  a shortage  MOS,  the  base  case  serves  as  a base- 
line for  comparison  of  alternatives.  The  CEABREP  methodology  in- 
volves an  iterative  procedure  that  treats  the  projected  force  as  a 
dependent  variable  and  alternatives  to  improve  the  projected  force 
as  independent  variables.  A dynamic  simulation  model  provides  the 
means  of  performing  this  interative  procedure  with  output  fur- 
nished as  force  projections  from  one  to  four  years  into  the  fu- 
ture. The  projected  force  is  portrayed  by  the  simulation  model  as 
MOS  populations  distributed  by  grade  and  year  of  service  (e.g., 

MOS  IIB  - grade  E5  - sixth  year  of  service).  MOS  imbalance  (over/ 
short)  is  determined  by  comparing  the  projected  force  with  pro- 
jected requirements.  The  cost  of  the  projected  force,  if  it  is 
the  base  case,  is  the  cost  of  continuing  current  programs.  The 
bonus  manager  evaluates  an  alternative  projected  force  and  its 
cost  (relative  to  the  base  case)  to  determine  if  personnel  and 
funding  requirements  are  acceptable.  If  personnel  projections  and 
costs  are  satisfactory,  action  can  be  taken  to  implement  the  pol- 
icy. As  shown  in  Figure  2-1,  if  the  alternative  is  unsuitable, 
the  manager  must  formulate  a change  in  policy,  estimate  the  effect 
of  the  change  and  evaluate  the  impact  relative  to  the  current 
force.  The  estimated  impact  of  exogenous  variables  such  as  unem- 
ployment is  an  integral  part  of  CEABREP  methodology  because  they 
may  influence  the  effect  of  a new  policy.  Each  alternative  must 
be  expressed  in  terms  of  revised  accession  and  retention  estimates 
before  the  alternatives  can  be  evaluated  with  the  simulation  mo- 
del. The  simulation  model  then  generates  a new  force  projection 
and  relative  cost  based  on  the  new  alternative.  This  process  may 
be  continued  until  the  projected  force  meets  personnel  and  cost 
requirements.  The  remaining  paragraphs  in  this  chapter  discuss 
the  components  of  the  CEABREP  methodology  in  more  detail  and  pro- 
vide supporting  rationale. 

2-2.  FORCE  SIMULATION.  A key  component  of  the  methodology  is  the 
PIA/YOS  Model;  this  is  a computer-based  model  used  to  project  cur- 
rent MOS  inventories  up  to  four  years  into  the  future.  The  opera- 
tion of  PIA/YOS  is  shown  in  general  form  in  Figure  2-2. 
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a.  The  PIA/YOS  Model  requires  input  data  consisting  of;  cur- 
rent MOS  populations  by  grade  and  year  of  service;  continuation 
rates;  and  "feeder  patterns."  The  "feeder  patterns"  describe  per- 
sonnel flows  or  movement  within  and  between  MOS  due  to  promotion 
or  reclassification.  These  flows  may  be  conceptual ized  as  road 
maps  used  to  route  the  distribution  of  personnel  to  meet  Army  re- 
quirements for  each  MOS.  The  continuation  rates  are  probabili- 
ties, expressed  for  each  MOS  by  grade  and  year  of  service,  that  a 
soldier  will  continue  in  service  at  least  one  more  year. 

b.  The  functions  of  the  PIA/YOS  Model  are  to  simulate  the  ef- 
fects of  time-phased  attrition,  MOS  reclassification,  and  promo- 
tion. The  beginning  MOS  populations  are  updated  or  "aged"  using 
the  continuation  rates.  The  model  then  simulates  promotion  and 
reclassification  according  to  the  feeder  patterns.  The  resulting 
MOS  populations  are  compared  to  Army  requirements  at  each  grade  to 
determine  MOS  shortages  or  overages  and  thereby  assist  in  deter- 
mining accession  requi rements.  The  PIA/YOS  Model  is  used  by 
ODCSPER  and  MILPERCEN  to  forecast  losses  and  promotion  require- 
ments; to  identity  inadequate  career  progression  within  MOS;  and 
to  develop  budget  estimates  for  the  bonus  program.  The  PIA/VQS 
simulation  model  is  inherent  to  the  CEABREP  study  methodology  and 
is  used  to  support  analysis  of  changes  to  a starting  population 
resulting  from  changes  in  policy  or  bonus  levels.  However,  the 
continuation  rates  used  in  the  PIA/YOS  Model  were  too  highly  ag- 
gregated for  use  in  the  study.  Therefore,  refinements  were  made 
to  these  continuation  rates,  as  discussed  in  the  next  paragraph. 

2-3.  REFIHED  SIMULATION  INPUT.  A significant  determinant  in  the 
value  of  the  CEARREP  system  is  the  quality  or  accuracy  of  the  pro- 
jected force  generated  by  the  PIA/YOS  Model.  Because  the  pro- 
jected force  is  used  to  measure  the  effects  of  changes  in  policy 
or  bonus  at  tne  MOS  level,  the  projected  force  must  reflect  as 
accurately  as  possible  the  flow  of  people  within  MOS  a'd  between 
MOS  (reclassification).  The  capability  of  the  PIA/YOS  Model  to 
compute  these  flows  accurately  depends  on  the  precision  of  the 
continuation  rates  and  feeder  patterns.  In  the  past,  the  contin- 
uation rates  used  as  PIA/YOS  Model  input  were  Army-wide  continua- 
tion rates.  These  rates  were  developed  by  dividing  the  total  cur- 
rent Army  strength  in  one  year  of  service  by  the  preceding  year  of 
service  strength  of  the  total  Army  one  year  earlier.  Although 
historical  data  were  availaole  by  MUb,  grade,  and  year  of  service, 
the  complexity  of  the  flows  of  people  oetween  MOb  (m.iS  migration) 
impeded  development  and  application  of  MOS-umque  continuation 
rates.  Reclassification  from  one  MUS  to  another,  for  example, 
represents  a loss  to  one  MOS  and  a gain  to  another  with  no  net 
change  in  Army  strength.  However,  a reclassification  and  sw'>sf.-- 
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quent  separation  represent  losses  to  two  MOS  but  only  one  loss  to 
the  Army.  Attempts  in  the  past  to  reconstruct  these  dynamic  flows 
in  the  form  of  l^OS  continuation  rates  were  unsuccessful.  As  shown 
in  Figure  2-3,  the  use  of  Army-wide  continuation  rates  avoided  the 
complexity  of  MOS  migration  but  resulted  in  force  projections 
which  were  accurate  only  at  an  aggregated  level.  This  level  of 
aggregation  restricted  effective  management  because  of  lack  of 
confidence  in  the  accuracy  of  the  projections  at  the  MOS  level  of 
detail.  To  improve  this  degree  of  resolution,  the  CEABREP  Study 
developed  a methodology  for  deriving  MOS-unique  continuation  rates 
and  then  integrated  that  methodology  into  the  PIA/YOS  Model  by 
modifying  the  computer  program.  This  new  methodology  is  explained 
in  detail  in  Chapter  3. 


Projected  Force 


Figure  2-3.  Unmodified  PIA/YOS  Projected  Force 

a.  The  derivation  of  MOS-unique  continuation  rates  represents 
a significant  achievement  of  the  CEABREP  Study  because  these  rates 
contribute  to  much  greater  accuracy  in  force  projections  under 
current  policies.  The  effect  of  the  refinements  in  MOS  and  term  of 
service  continuation  rates  on  the  accuracy  of  the  projected  force 
is  illustrated  in  Figure  2-4.  Note  that  an  estimated  array  of 
projected  force  data  is  computed  with  the  modified  PIA/YOS  model 
when  compared  with  the  assumed  array  of  projected  force  data  of 
the  unmodified  model  (Figure  2-3). 
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Pro]ected  Force 


Figure  2-4.  Modified  PIA/YOS  Projected  Force 

b.  Application  of  the  CEABREP  methodology,  with  improved  accu- 
racy in  the  force  projection  provided  by  the  MOS-unique  continua- 
tion rates,  provides  the  bonus  manager  with  a capability  to  ana- 
lyze the  projected  force  and  isolate  those  year  of  service  popula- 
tions within  MOS  which  do  not  meet  Army  requirements.  The  examole 
shown  in  Figure  2-5  highlights  a projected  shortage  in  MOS  ' of 
Eb's  in  the  fourth  and  fifth  year  of  service  under  current  poli- 
cies. In  this  example,  the  force  projected  by  the  PIA/YOS  Model 
indicates  that  the  current  policies/bonus  level,  relative  to  MOS 
A,  are  insufficient  to  retain  first  term  soldiers  in  this  MOS.  !• 
this  example,  the  years  of  service  shown  are  within  range  of  ti.e 
SRB  and  CEABREP  provides  the  manager  a capability  to  evaluate  al- 
ternative policies  to  reduce  or  eliminate  the  projected  shortfall. 

2-4.  COSTS.  There  are  many  costs  associated  with  a soldier. 

They  range  from  the  recruiting  cost  which  is  incurred  prior  to  the 
soldier  entering  service  to  retirement  costs  which  are  incurred 
perhaps  twenty  years  later  when  service  is  complete. 


Figure  2-5.  Problem  Isolation 
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a.  Scope.  In  this  study,  an  unequal  cost-equal  effectiveness 
formulation  is  used.  Alternatives  are  constructed  such  that  their 
effect  on  reenlistment  is  equal  but  the  costs  are  unequal.  This 
permits  the  system  user  to  focus  on  cost  differentials  when  com- 
paring alternatives  and  to  consider  only  those  costs  which  vary 
between  alternatives. 

b.  Relevant  Costs.  The  cost  associated  with  retaining  an  en- 

listee long  enough  to  be  influenced  by  reenlistment  policy  is  as- 
sumed to  be  independent  of  the  reenl i stment  policy.  Therefore, 
the  relevant  costs  are  those  involving  reenlistment:  the  SRB, 

training  costs  associated  with  any  reclassification,  and  appropri- 
ate PCS  costs  involved  in  reenlistment  options. 

c.  Cost  Methodology.  Figure  2-6  illustrates  the  reenlistment 
environment.  Currently,  accessions  are  brought  into  the  Army  as 
either  three  or  four-year  enlistees.  After  completing  the  enlist- 
ment term  of  service,  some  of  these  soldiers  continue  in  service 
becoming  part  of  the  career  force  and  others  are  losses  to  the 
Army. 


Figure  2-6.  The  Reenlistment  Environment 


(1)  Inducement  programs  are  focused  on  the  interface  between 
the  first  term  and  career  forces  and  are  designed  to  influence  the 
amount  of  flow  into  the  career  force;  this  focus  is  required  be- 
cause of  the  significant  difference  between  the  reenlistment  rate 
of  first-term  soldiers  and  career  soldiers.  Tne  reenlistment  rate 
of  career  soldiers  is  both  higher  (nearly  double)  and  more  stable 
than  the  reenlistment  rate  of  first-term  soldiers.  The  interlace 
between  the  first-term  force  and  the  career  force  is,  therefore, 
the  initial  focal  point  for  application  of  reenlistment  incen- 
ti ves. 
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(2)  Within  the  CEABREP  methodology,  cost  factors  to  be  ap- 
plied are  the  differential  costs  of  alternative  reenlistment  poli- 
cies designed  to  maintain  a specified  flow  into  the  career  force. 
If  the  SRB  level  is  increased,  this  is  expected  to  increase  the 
number  of  reenlistments.  Another  policy  decision  such  as  restora- 
tion of  the  CONUS-to-CONUS  station  of  choice  reenlistment  option 
may  produce  an  equal  number  of  reenlistees.  It  is  the  total  cost 
of  one  course  of  action  that  must  be  contrasted  with  the  total 
cost  of  an  alternative;  this  comparison  enables  the  manager  to 
select  between  alternatives  on  the  basis  of  the  costs  of  operating 
the  programs  to  obtain  a desired  effect.  The  per  man  costs  of 
training  and  PCS  are  readily  available  from  the  Office  of  the 
Comptroller  of  the  Army;  these  costs  are  applied  to  the  number  of 
Individuals  computed  to  reenlist  for  the  option.  The  reenlistment 
data  are  obtained  separately  from  analysis  of  historical  data  as 
explained  in  Chapter  5 and  Appendix  C. 

2-5.  EVALUATION.  Appl icati,on  of  the  CEABREP  methodology  will 
provide  the  bonus  manager  with  an  improved  capability  of  evaluat- 
ing a projected  force  to  determine  if  its  personnel  strength  and 
costs  meet  Army  goals.  MOS  fill  is  evaluated  by  comparing  the 
projected  MOS  strength,  grade,  and  year  of  service  populations  to 
the  objective  force.  If  the  projected  force  satisfies  MOS  and 
cost  constraints,  the  policies  and  bonus  levels  may  be  considered 
acceptable.  If  the  projection  is  not  satisfactory,  changes  to 
current  policy  can  be  formulated  to  resolve  the  problem.  These 
policy  changes,  quantified  in  terms  of  revised  continuation  rates, 
are  then  input  to  the  PIA/YOS  Model  to  generate  a new  force  pro- 
jection. This  methodology  can  be  applied  successively  to  alterna- 
tive policies  until  the  bonus  manager  is  satisfied  with  the  solu- 
tion. 

2-b.  FACTORS  INFLUENCING  ACCESSION/RETENTION.  There  are  indica- 
tions that  an  individual's  decision  to  enter  or  continue  in  the 
Army  is  a function  of  many  variables,  some  demographic,  some  eco- 
nomic, and  some  random.  Certain  economic  variables  such  as  bo- 
nuses are  controllable  by  Army  policy  while  others  such  as  unem- 
ployment are  not  subject  to  Army  control.  The  effect  of  those 
external  and  internal  factors  which  can  be  estimated  should  be 
considered  when  attempting  to  predict  the  result  of  a new  policy 
or  bonus.  The  CEABREP  methodology  for  estimating  the  effect  of 
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demographic  variables  on  accession  and  retention  uses  the  acces- 
sion cohort*  data  discussed  in  paragraph  1-bc  and  the  Automdti«, 
Interaction  Detector  III  (AID  III)**  statistical  model.  This  sta- 
tistical model  is  an  automated  clustering  routine  used  to  subdi- 
vide the  FY  cohort  file  into  a series  of  mutually  exclusive,  col- 
lectively exhaustive  reenlistment  subgroups.  The  model  selects 
among  predicting  characteri sties  (such  as  race  and  education)  to 
form  subpopulations  which  exhibit  statistically  different  reen- 
listment behavior.  The  model  is  used  to  identify  the  most  impor- 
tant variables  as  predictors  of  reenlistment.  Figure  2-7  illus- 
trates the  model  output;  in  this  example  one  of  the  subpopulations 
identified  by  the  AID  Model  within  the  FY  71  cohort  file  was  de- 
fined as  Black-E5-single-high  school  graduate.  This  subpopulation 
reenlisted  at  a rate  of  35  percent.  (For  a complete  discussion 
of  AID  III  and  the  variables  used  see  Chapter  4).  When  the  sub- 
populations have  been  defined,  count  data  on  the  number  of  reen- 
listments and  separations  are  obtained  for  each  subpopulation  at 
each  SRB  level.  If  there  are  lUO  or  more  total  separations  and 
reenlistments  for  at  least  three  SRB  levels,  linear  regression  is 
used  to  estimate  reenlistment  as  a function  of  the  SRB.  If  this 
criterion  is  not  met,  random  variation  in  the  data  will  preclude 
statistically  valid  regressions.  As  a means  of  deriving  estimates 
for  the  small  sample  subpopulations,  a "joint  probability  distri- 
bution" is  constructed  from  the  marginal  distributions  obtained  by 
viewing  the  population  in  terms  of  one  variable  at  a time.  (This 
technique  is  explained  in  more  detail  in  Chapter  4 and  Appendix 
C).  The  result  of  these  calculations  is  reenlistment  rate  esti- 
mates for  each  subpopulation  at  every  SRB  level.  The  effects  of 
exogenous  influences  (e.g.,  unemployment)  and  policy  changes  on 
the  reenlistment  estimates  are  then  developed;  these  effects  are 
estimated  using  time  lagged  linear  regression  on  cohort  file  data 
and  are  used  to  increase  or  decrease  the  reenl i stment  rate  esti- 
mates to  compensate  for  expected  unemployment  rates  or  policy  de- 
cisions. (See  Appendix  C for  a more  complete  discussion  of  this 
adjustment  process).  The  result  of  this  analysis  is  a set  of  ex- 
pected reenlistment  rates  for  the  various  subpopulations  unde'' 
different  incentive  and  policy  conditions. 


*The  term  cohort  is  used  in  this  report  to  refer  to  a group  of 
soldiers  who  entered  the  Army  in  the  same  fiscal  year. 

**University  of  Michigan  Institute  for  Social  Research,  OSIRIS 
III,  System  and  Program  Descriptions,  Vol . I,  Section  15,  "AID 
wri te-Up"T  Urn  vers i ty  of  Michigan,  Ann  Arbor,  Michigan,  1973. 
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2-7.  INTEGRATING  POLICY  EFFECTS  INTO  THE  CEABREP  SYSTEM,  ''f  J 

manager  has  been  provided  with  an  improved  force  projection  cap-  i 

ability  to  highlight  MOS  anomalies  in  the  force  and  with  estimat-  | 

ing  relationships  to  show  how  various  subpopulations  react  to  in-  ! 

ducements  and  policy  changes.  These  estimating  relationships  are 

used  to  revise  the  input  to  the  simulation  model  and  compute  a new  i 

force  projection  resulting  from  changes  to  bonus  levels  or  policy 

decisions.  As  specified  in  the  tasking  directive,  this  study  was 

limited  to  exclude  consideration  of  zone  B of  the  SRB  paid  for 

reenlistments  in  the  sixth  through  tenth  years  of  service.  This 

limitation  permitted  analysis  and  system  design  to  focus  on  how  l 

the  continuation  rates  through  the  first  enlistment  (to  include 
the  reenlistment  process)  would  vary  due  to  management  action. 

Because  the  number  of  people  enlisting  for  a period  of  more  than 
four  years  is  too  small  to  effect  significantly  the  results  of  tne 
simulation  and  is  also  too  small  to  derive  estimates  of  reenlist- 
ment propensities,  only  the  first  four  years  of  service  continua- 
tion rates  are  considered.  The  factors  influencing  reenlistment 
were  discussed  in  paragraph  2-6  and  these  factors  are  used  in  con- 
junction with  the  cohort  files  to  compute  continuation  rates  for 
the  first  fou''  years  of  service. 

a.  An  example  will  be  used  to  illustrate  the  process  and  in 
the  example  only  two  subpopulations  will  be  defined — Black  and 
White  racial  groups.  Figure  2-8  illustrates  the  use  of  the  FY  7b 
and  FY  7b  cohort  files  to  construct  a first  year  of  service  con- 
tinuation rate  for  use  at  the  MOS  level  of  detail.  In  Figure  2-8, 
all  FY  7b  accessions  either  have  entered  their  second  year  of  serv- 
ice or  have  left  the  Army.  By  stratifying  the  FY  75  cohort  into 
respective  subpopulations  (Black  or  White),  separate  continuation 
estimates  can  be  made  for  the  first  year  of  service  for  each  of 
the  subpopulations.  The  FY  7b  cohort  which  comprises  the  current 
first  year  service  population  is  first  stratified  by  MOS  and  then 
by  subpopulations  within  MOS  to  determine  the  proportional  mix  of 
the  current  first  year  of  service  in  each  MOS.  This  proportion  i'- 
then  used  to  form  a convex  combination  or  mixture  of  the  subpopu- 
lation rates  to  provide  one  single  continuation  rate  for  the  first 
year  of  service  for  each  of  the  MOS.  The  FY  74  and  FY  75  cohorts 
can  be  used  in  the  same  fashion  to  produce  a second  YOS  continua- 
tion rate  which  is  representative  of  the  current  second  year  of 
service  force. 


2-12 


CAA-SR-77-10 


75  Cohort 


Black  continjation 
rate  (0.60*) 


White  continuation 
rate  (0.40*) 


76  Cohort 


MOS 


Cp_nti_n^ij>t_i_on_Ra_t_e_J_oj, 

‘WtToVaT  nurnbe'rV  i'n'd i c'a t i nq  that  60'  percent  of  the  blacks  ami  40 
percent  of  the  whites  will  continue  into  the  second  year  o'  .ervice. 
“Notional  numbers  indicating  that  the  current  first  year  of  service 
population  of  MOS  B is  20  percent  black  and  80  percent  white. 


Figure  2-8. 


Deriv'ng  a First  Year  of  Service  Continuation 
Rate  Using  Cohort  Files 
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b.  If  the  MOS  has  not  been  offered  an  enlistment  bonus,  t» - -Y 
73  and  FY  74  cohorts  can  be  used  to  produce  the  third  year  jf  serv- 
ice continuation  rate,  but  because  this  rate  includes  the  effects 

of  reenlistment,  a set  of  rates  must  be  derived  using  the  tcch-  i 

niques  outlined  in  paragraph  2-7.  This  set  of  rates  represents 
available  bonus  levels  and  policies.  A policy  set  must  then  be 
specified  which  will  provide  the  expected  reenlistment  rate  for 
the  subpopulations.  Stratifying  the  current  third  year  of  service 
force  from  the  74  cohort  into  subpopulations  within  MOS  again  per- 
mits derivation  of  a single  third  year  of  service  continuation 
rate  for  each  MOS.  Fourth  year  of  service  continuation  rates  are 

calculated  using  the  FY  72  and  FY  73  cohorts  in  the  same  way  that  j 

first  and  seconc  year  of  service  rates  were  computed.  Derivation 

of  MOS  continuation  rates  for  the  third  and  fourth  years  of  serv-  j 

ice  is  more  complicated  for  MOS  which  have  mixed  populations  of  i 

three  and  four-year  enlistees;  in  these  cases,  the  third  year  of  ^ 

service  rate  must  reflect  the  reenlistment  decisions  of  three-year 

enlistees  and  the  normal  continuation  behavior  of  four-year  en  fs- 

tees.  Similarly,  the  fourth  year  of  service  continuation  rate 

must  reflect  the  reenlistment  decisions  of  four-year  enlistees  and 

the  normal  continuation  of  three-year  enlistees  who  have  already 

reenlisted.  The  technique  to  merge  these  rates  is  explained  in 

detail  at  Appendix  C.  The  capability  to  alter  the  continuation 

rates  for  the  third  and  fourth  years  of  service  to  reflect  bonus 

or  policy  decisions  allows  force  projections  to  be  based  on  policy 

and  bonus  decisions  and  permits  basing  cost  estimates  on  the  cur-  i 

rent  population  effected  by  those  decisions. 

2-8.  DATA  REQUIRED  TO  SUPPORT  ESTIMATION  OF  POLICY  EFFECTS.  An 
essential  requirement  for  applying  the  CEABREP  methodology  to  es- 
timate the  effect  of  policy  alternatives  on  force  projections  is 
historical  data.  The  data  must  include  the  effects  of  the  policy 
to  be  evaluated  and  it  must  span  a sufficient  period  of  time  to 
permit  comparison  of  reenlistment  behavior  before  and  after  init- 
iation of  the  policy.  This  comparison  is  the  methodology  utilized 
to  quantify  the  policy's  effect. 

a.  Cohort  Fi les.  The  data  base  required  to  support  the 
CEABREP  system  consists  of  a series  of  fiscal  year  data  files  that 
include  accession,  separation,  reenlistment  and  demographic  infor- 
mation on  dll  soldiers  who  entered  the  Army  since  the  beginning  of 
FY  71.  Each  file  of  the  series,  called  a cohort  file,  is  limiteo 
to  soldiers  without  prior  service  who  enter  the  Army  within  the 
same  fiscal  year.  The  cohort  file  is  completed  when  every  soldier 
in  the  file  has  either  reenlisted  or  separated.  Because  separa- 
tion/reenlistment transactions  are  required  for  each  soldier,  it 
takes  five  years  (for  a four-year  enlistment)  to  complete  a coho-f 
file.  The  personnel  data  envisioned  to  support  analysis  of  the 
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effects  of  selected  Army  policies  and  external  factors  such  as  the 
unemployment  rate  on  reenlistments  are  the  FY  72-FY  73  cohort 
files.  The  FY  74-FY  7b  cohort  files,  though  currently  incomplete, 
are  required  to  support  analysis  of  continuation  rates  for  the 
years  of  service  prior  to  reenlistment  eligibility. 

b.  Data  Limitations.  Attempts  by  the  Analysis  and  Computation 
Branch,  MILPERCEN,  to  create  the  cohort  files  necessary  to  support 
the  CEABREP  methodology,  were  unsuccessful  because  of  data  limita- 
tions. The  only  cohort  file  that  was  available  for  this  study  was 
the  FY  71  cohort.  This  hindered  the  application  of  the  CEABREP 
methodology;  estimates  of  policy  effects,  could  not  be  quantified 
and  MOS  continuation  rates  for  the  first  four  years  of  service 
could  not  be  developed.  Although  data  in  the  FY  71  cohort  file 
were  not  sufficient  to  apply  the  complete  CEABREP  methodology, 
some  of  the  methodology  could  be  verified  and  intermediate  results 
on  the  effects  of  bonuses  were  obtained.  Appendix  C discusses  in 
detail  the  input  data  requirements  and  outputs  that  would  be  ob- 
tained from  applying  the  complete  CEABREP  methodology. 

2-9.  SUMMARY.  The  methodology  for  the  CEABREP  system  is  summa- 
rized in  Figure  2-9.  This  figure  incorporates  the  specific  compo- 
nents of  the  CEABREP  system  discussed  in  the  preceding  paragraphs. 
The  system  begins  with  a base  case  policy  and  the  PIA/YOS  Model  is 
used  to  project  a force  which  can  be  evaluated  in  terms  of  both 
people  and  costs.  If  the  projected  force  does  not  leet  require- 
ments, the  user  analyzes  the  projected  force  problems  and  formu- 
lates new  policy  alternatives  for  resolving  these  problems.  Al- 
ternative policies  are  then  quantified  in  terms  of  revised  contin- 
uation rates  and  provided  as  new  input  to  the  PIA/YOS  Model.  Force 
projection  and  subsequent  evaluation  can  continue  until  the  user 
achieves  an  acceptable  means  of  influencing  reenlistment  behavior. 
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CHAPTER  3 

DERIVATION  OF  MOS-UNIQUE  CONTINUATION  RATES 


3-1.  GENERAL.  A continuation  rate  is  a probability  that  a 
service  member  will  remain  in  service  at  least  one  more  year.  The 
continuation  rate  is  used  in  personnel  projections  to  calculate 
the  future  size  of  a starting  group  after  an  elapsed  time  of  one 
year.  The  validity  of  continuation  rates  is  based  on  the  premise 
that  the  historical  change  in  size  of  a specified  population  is 
the  best  estimate  of  its  future  size.  The  specified  populations 
or  groups  for  which  the  Army  has  calculated  continuation  rates  are 
year  of  service  populations.  As  discussed  in  Chapter  2,  the 
projection  of  the  current  force  or  base  case  provides  the  basis 
for  evaluating  both  the  acceptability  of  the  force  and  the 
policies  which  shaped  that  force.  Because  the  accuracy  of  the 
projected  force  is  dependent  upon  the  continuation  rates  used  as 
input  to  the  PIA/YOS  Model,  these  continuation  rates  perform  a 
pivital  role  within  the  CEABREP  methodology. 

a.  The  historical  method  for  computing  continuation  rates  is 

to  divide  one  year's  population  in  a year  of  service  by  the  previ- 
ous year's  population  in  the  preceding  year  of  service.  For  ex- 
ample, if,  in  December  1975  there  were  80  people  in  their  6th  year 
of  service  and  in  December  1974  there  were  100  people  in  the  5th 
year  of  service,  the  estimate  of  the  continuation  rate  from  the 
5th  year  of  service  would  be  80/100  or  0.80.  The  premise  is  that 

everyone  in  the  5th  year  of  service  in  December  1974  must  either 

be  in  their  6th  year  of  service  one  year  later  or  they  have  left 
the  Army.  Such  computations  are  adequate  for  computing  Aniiy-wide 
continuation  rates.  If  continuation  rates  are  required  at  the  MOS 
level  of  detail,  this  supposition  is  not  valid  because  of  changes 
in  MOS  resulting  from  promotion  or  reclassification;  an  individual 
can  be  a loss  to  an  MOS  but  not  a loss  to  the  Army. 

b.  In  this  study,  movement  between  MOS  as  a result  of  either 

promotion  or  reclassification  is  defined  as  MOS  migration.  The 
phenomena  of  MOS  migration  is  known  and  accepted  in  personnel  man- 
agement; to  some  degree  this  migration  is  designed  into  the  MOS 
structure.  The  PIA/YOS  Model  computes  the  impact  of  MOS  migration 
by  attempting  to  model  the  flows  explicitly  through  feeder  pat- 
terns. Figure  3-1  is  a notional  example  of  PIA/YOS  type  feeder 
patterns,  but  restricted  to  two  MOS  (A  and  B)  and  two  grades  El 
and  E2.  In  Figure  3-1,  the  nodes  (circles)  signify  combinations  of 
MOS  and  grade;  Nidenotes  MOS  A,  grade  El;  N4  denotes  MOS  B.  grade 
E2,  etc.  The  arcs  (arrows)  signify  potential  flows,  but  the  arc 
value  is  the  opposite  of  the  usual  sense.  The  arcs  represent  flow 
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origin  only.  The  precise  value  of  the  flow  in  an  arc  is  deter- 
mined by  the  requirement  at  the  terminal  node.  In  Figure  3-1,  if 
an  unfilled  requirement  exists  at  N3,  80%  of  that  requirement  will 
be  met  by  promotions  in  the  same  MOS  (Ni  to  U3)  and  20%  will  be 
met  by  MOS  reclassification  within  grade  (N4  to  N3).  If  N4  was 
originally  below  authorized  strength,  the  magnitude  of  the  short- 
fall was  increased  by  the  flow  from  N4  to  N3.  Of  the  total  un- 
filled requiranents  at  N4,  30%  will  be  met  by  promotion  from 
and  70%  by  promotion  from  No.  The  unfilled  requirements  at  the 
lowest  grade  (Ni  and  N2) , if  any,  are  filled  by  new  accessions. 

In  all  cases,  it  is  the  unfilled  requiranent  that  causes  flow  and 
determines  the  amount  of  flow  rather  than  a programed  grade  or  MOS 
progression. 


MOS  A 


MOS  B 


El  E2 


Figure  3-1.  Notional  PIA/YOS  Type  Feeder  Patterns 


c.  In  deriving  MOS-unique  continuation  rates,  it  is  important 
to  note  that  MOS  migration  blurs  the  distinction  between  MOS.  In 
Figure  3-1,  the  subpopulation  of  Nt  currently  holds  MOS  A and 
grade  E2,  but  part  of  that  subpopuT ation  consists  of  people  who 
originally  held  MOS  B and  may  only  recently  have  been  reclassified 
to  MOS  A.  To  further  complicate  matters,  some  of  the  people  serv- 
ing at  node  N3  who  originated  in  MOS  A have  also  served  in  MOS  B 
moving  along  the  arcs  from  to  N4  and  then  N4  to  N3.  Because 
these  flows  are  important  in  describing  an  MOS  population,  they 
must  be  considered  in  describing  how  that  MOS  population  will  con- 
tinue. 


3-2.  INTERIM  MOS. 
uation  rates  is  to 
losses  to  the  MOS. 


The  first  step  in  deriving  MOS-unique  contin- 
create  interim  MOS  which  have  had  no  gains  or 
This  involves  redistributing  the  populations 
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of  nodes  to  reallocate  populations  to  the  MOS  of  origin.  To  sim- 
plify the  explanation,  the  following  notation  is  used;  NWx.y)  is 
the  MOS  distribution  of  the  i node  where  x is  the  fraction  of 
the  population  which  originally  came  from  MOS  A (first  position 
within  parenthesis)  and  y is  the  fraction  which  came  from  MOS  B 
(second  position  within  parenthesis). 

a.  Figure  3-2  shows  the  MOS  distribution  for  node  as 
Nld.O)  which  means  that  100  percent  of  the  current  population  of 

originated  in  MOS  A.  Similarly,  the  distribution  of  No  is 
N^iO,!).  A node  for  which  a distribution  has  been  determined  is 
defined  to  be  "scanned".  It  is  axiomatic  that  the  distribution  of 
a node  can  be  calculated  only  if  that  node  received  flow  from 
nodes  which  have  been  previously  scanned.  In  the  example  of  Fi- 
gure 3-2,  nodes  and  have  been  scanned.  The  distribution  of 
the  N3  cannot  be  calculated  until  Na  has  been  scanned  since  N3 
receives  flow  from  N4;  however,  N4  depends  only  upon  Nj^  and  N2, 
both  of  which  have  been  previously  scanned. 


b.  Figure  3-3  shows  the  relevant  information  needed  to  compute 
the  distribution  of  node  4.  Note  that  multiplication  of  the  dis- 
tribution of  a previously  scanned  node  by  the  number  on  the  arc 
from  the  scanned  node  to  the  node  being  scanned  gives  a partial 
distribution  of  the  node  being  scanned.  Let  N^Wx,y)  denote  a 
partial  result  where  i is  the  scanned  node  and  3 is  the  node  being 
scanned  with  x and  y defined  as  before  but  with  unknown  values. 
From  Figure  3-3,  Nj  4(x,y)  = (U.3)  x N]^(1,0)  = Nj  4(0. 3,0).  This 
partial  distribution  of  N4  states  that  since  node'N^  was  comprised 
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totally  of  MOS  A and  that  0.3  percent  of  the  population  in  r.uoe  N/; 
originated  in  node  N^,  at  least  30  percent  of  the  population  in  N4 
originated  in  MOS  A.  Similarly,  N2^4  (x,y)  = (0.7)  x N2(0,l)  = 

N2, 4(0, 0.7).  Summing  across  all  partial  distributions  gives  the 
complete  distribution  of  the  node  being  scanned.  From  our  example 
N4(x,y)  = N2, 4(0, 3.0)  + N2  4(0,0. 7)  = N4(0.3,0.7).  Therefore,  30 
percent  of  t^e  node  4 poputation  came  from  MOS  A,  while  70  percent 
came  from  MOS  B.  The  advantage  of  this  multiplicative  technique 
is  that  the  only  information  required  is  the  distribution  and 
feeding  percentages  of  the  nodes  which  are  directly  connected  to 
the  node  being  scanned. 


MOS  A 


MOS  B 

N,(0,1 


El 


E2 


Figure  3-3.  The  MOS  Distribution  of  Node  N, 


c.  Figure  3-4  contains  all  of  the  information  necessary  to 
compute  the  distribution  of  node  N3.  The  fact  that  there  have 
been  intermediate  flows  to  N4  is  summarized  in  the  distribution 
of  N4  and  need  not  be  explicitly  considered.  Thus: 

N3,  (x,y)  = (x,y)  + N4^3  (x,y),  where 

Ml, 3 (x,y)  = (0.8)  (1,0) 

N4,3  (x,y)  = (0.2)  N4  (0.3,0. 7) 


3-4 


and 


N3(x,y)  = N^^3(0,8.0)  + 84^3(0.06,0.14) 
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For  larger  systems  the  sunmarization  of  information  on  previous 
flows  in  the  node  distributions  greatly  simplifies  the  calcula- 
tions of  subsequent  node  distributions.  To  pursue  the  development 
of  the  example,  assume  that  populations  are  assigned  to  the  nodes 
representing  the  5th  year  of  service  as  of  31  Dec  74.  These  popu- 
lations are  shown  in  Figure  3-5.  The  node  distribution  rules  which 
are  assumed  to  be  constant  for  all  years  of  service  are  now  used 
to  reallocate  the  node  populations  to  the  MOS  of  origin.  This 
process  is  shown  in  Table  3-1.  For  the  6th  year  of  service,  Dec 
75,  the  node  populations  shown  in  Table  3-2  are  assumed  and  the 
populations  are  also  reallocated  according  to  node  distributions. 
Dividing  the  6th  year  of  service  populations  by  the  5th  year  of 
service  populations  gives  estimates  of  interim  continuation  rates 
for  MOS  A of  0.78  and  for  MOS  B of  0.93.  It  is  not  correct  to 
interpret  these  rates  as  MOS  continuation  rates.  They  have  no 
meaning  outside  the  context  of  this  model --fi rst,  because  the 
rates  are  for  interim  MOS  and  secondly,  because  they  are  totally 
dependent  on  the  feeder  patterns  used  to  create  the  rates. 


MOS  A 


N'^(1,0) 


0.8 


E2 


0. 


O 

c 


MOS  B 


0.7) 


f^ioure  3-4.  The  ^OS  Distribution  0^  None 
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Figure  3-5.  Populations  of  the  5th  Yea  of  Service 


Table  3-1.  December  1974  - 5th  Year  of  Service 


Node  1 

Population 

Distribution 

1 No.  A's 

No.  R 

Ni 

300 

(1,0) 

300 

0 

N2 

200 

^2  (O’l) 

n 

200 

^3 

300 

N3  (0.86,  0.14) 

258 

42 

^^4 

100 

(0.3.  0.7) 

JO 

_70 

Total 


588 
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Table  3-2.  December  1975  - 6th  Year  of  Service 


Node 

Population 

Distribution 

No.  A's 

No.  B's 

200 

(1,0) 

200 

0 

N2 

150 

N2  (0,1) 

0 

150 

^3 

250 

N3  (0.86,  0.14) 

215 

35 

N4 

150 

N4  (0.3,  0.7) 

45 

1_05_ 

Total 

460 

290 

3-3.  TRANSFORMING  INTERIM  RATES.  The  next  step  in  the  process  is 
to  convert  the  interim  continuation  rates,  by  year  of  service, 
into  rates  that  can  be  applied  to  the  MOS.  This  is  done  by  com- 
bining the  continuation  rates  at  each  node  according  to  the  MOS 
distribution  of  that  node.  For  the  example,  these  computations 
are  shown  in  the  following  table; 

Thus  Table  3-3  provides  a separate  continuation  rate  by  year  of 
service  for  each  MOS  and  grade.  To  apply  the  continuation  rates 
in  projecting  a force  in  time,  the  rates  must  be  applied  at  the 
grade  level  of  detail.  It  should  be  noted  that  derivation  of 
these  continuation  rates  requires  the  arc  flows  or  "feeder  pat- 
terns" be  defined  as  input  to  the  algorithm. 


Table  3-3.  Continuation  Rates  for  the  5th  Year 


Node 

Distri bution 

Rate 

(convex  combinations  of  pure  rates) 

f^l 

(1,0) 

(0.78  X 1)  + (0.93  X 0)  = 0.78 

N2 

(0,1) 

(0.78  X 0)  + (0.93  X 1)  = 0.93 

^^3 

(0.86,  0.14) 

(0.78  X 0.86)  + (0.93  x 0.14)  = 0.80 

N4 

(0.3,  0.7) 

(0.78  X 0.3)  + (0.93  x 0.7)  - 0.88 
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a.  The  feeder  patterns  are  defined  in  current  personnel  regu- 
lations/policies and  are  accurate  for  service  personnel  who  progress 
by  grade  and  MOS  'according  to  plan".  These  feeder  patterns, 
however,  cannot  incorporate  unprogramed  MOS  reclassifications 
requested  by  the  individual  for  medical  reasons  or  personnel 
preference.  Precise  definition  of  all  MOS  flows  is,  therefore, 
unlikely  because  of  these  unprogramed  flows  or  "phantom  feeders". 

The  feeder  patterns  are  a best  estimate  only  of  MOS  flows.  Because 
the  MOS-unique  continuation  rates  are  developed  from  actual  MOS/ 
Grade/YOS  (node)  populations  including  the 'unprogramed  portion  of 
the  population,  these  rates  may  be  greater  than  1.  For  example, 
the  population  of  MOS  A in  the  6th  year  of  service  may  be  larger 
than  the  MOS  A 5th-year  population  because  of  an  influx  of  reclas- 
sified personnel  from  MOS  B who  were  in  their  6th  year  of  service. 

b.  The  example  of  this  chapter  considered  only  two  grades  and 
two  MOSs.  Derivation  of  MOS-unique  continuation  rates  for  the  full 
range  of  MOS  and  grades  is  computationally  more  complex.  A more 
rigorous  exposition  of  the  technique  expanded  to  consider  all  grade 
and  MOS  is  presented  in  CAA  Technical  Paper,  CAA-TP-77-3*.  To 
illustrate  results,  the  continuation  rates  computed  for  the  maneuver 
combat  arms  are  shown  in  Appendix  0. 

c.  The  MOS-unique  continuation  rates  have  been  incorporated 
into  the  CEABREP  process  by  replacing  the  Army-wide  continuation 
rates  as  input  to  the  PIA/YOS  Model.  Because  the  MOS  rates  accu- 
rately reflect  the  historical  continuation  of  personnel,  the  cap- 
ability of  the  PIA/YOS  Model  to  project  MOS  populations  has  been 
increased.  The  ability  to  calculate  and  plan  manpower  programs 
has,  accordingly,  been  significantly  improved. 


*US  Army  Concepts  Analysis  Agency,  "Derivation  of  MOS -Unique 
Continuation  Rates",  Technical  Paper  CAA-TP-77-3,  Bethesda,  MD, 
Apr  77. 
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DEVELOPMENT  AND  ANALYSIS  OF  REENLISTMENT  FACTORS 


4-1.  GENERAL.  Individually,  a soldier's  decision  to  reenlist  in 
the  Army  may  be  based  on  a wide  variety  of  factors.  These  factors 
or  influences  may  be  social  considerations  such  as  peer  relation- 
ships; economic  influences  like  pay  and/or  bonuses;  professional 
views  such  as  promotion  and  job  satisfaction;  education;  or  ethnic 
considerations.  The  preceding  examples  are  but  a few  of  a poten- 
tially wide  range  of  factors  individually  or  collectively  influ- 
encing reenlistment  behavior;  these  in-^luences  may  result  in  both 
positive  and  negative  responses.  The  combinations  of  these  fac- 
tors comprise  a broad  spectrum  of  stimuli  affecting  individual 
reenlistment  behavior.  This  spectrum  is  too  broad  to  provide  use- 
ful insights  concerning  the  predictive  reenlistment  of  a single 
soldier.  Collectively,  however,  soldiers  exhibit  reenlistment 
trends  and  patterns,  amenable  to  analysis,  from  which  factors  can 
be  extracted  and  used  for  predicting  reenlistment  behavior.  Iden- 
tification of  such  factors  can  provide  the  bonus  manager  with  a 
powerful  capability  to  anticipate  MOS  shortages  or  excesses  and 
shape  policies  or  programs  designed  to  attenuate  their  impact  on 
the  active  force.  In  the  context  of  the  CEABREP  system,  these 
factors  are  used  to  define  the  historical  reenlistment  behavior  of 
specific  groups  of  soldiers  and  to  estimate  first-term  reenlist- 
ment rates  of  the  current  force;  these  estimates  serve  as  input  to 
the  PIA/YOS  Model.  These  reenlistment  factors  should  not  be  con- 
fused with  the  MOS-unique  continuation  rates  discussed  in  Chapter 
3;  the  MOS-unique  continuation  rates  operate  upon  the  personnel 
inventory  within  an  MOS  from  one  year  to  another  and,  as  such, 
address  the  question:  How  many?  The  reenlistment  factors,  by 

focusing  on  specific  groups  of  soldiers  and  their  behavior,  address 
the  question;  Who  will/won't?  The  remainder  of  this  chanter 
presents  in  detail  the  data  and  data  structure  from  which  the 
reenlistment  factors  were  developed;  discusses  the  derivation  and 
use  of  the  reenlistment  factors;  and  provides  an  analysis  of  their 
significance  in  shaping  and  assessing  accession  or  retention 
programs  within  the  CEABREP  system. 

4-2.  COHORT  DATA  AND  STRUCTURE.  The  reenlistment  factors  devel- 
oped for  the  CEABREP  system  were  derived  from  analysis  of  the  per- 
sonnel records  and  reenlistment  behavior  of  soldiers  who  entered 
the  Army  in  FY  71.  These  data  collectively  comprise  a file  called 
the  FY  71  cohort  file.  The  FY  71  cohort  file  contains  demographic 
information  on  each  non-prior  service  soldier  for  38  separate 
variables.  The  FY  71  cohort  was  used  to  develop  the  reenlistment 
factors  because  of  the  requirement  to  have  separation/reenlistment 


4-1 


CAA-SR-77-1U 


infonnation  on  each  soldier;  this  required  separation/reenl i stment 
data  through  FY  75  for  those  soldiers  who  had  enlisted  for  four 
years.  More  current  data  to  support  FY  12  and  FY  73  cohort  files 
was  not  available  for  this  study.  The  file  was  created  by  the 
Analysis  and  Computation  Branch,  Personnel  Information  Systems 
Directorate  (PERSINSD),  at  MILPERCEN,  using  the  United  States  Army 
Recruiting  Command  (USAREC)  Modern  Volunteer  Army  File,  the  En- 
listed Master  File,  and  the  Consolidated  Cains/Loss  File  as  source 
data.  Data  are  collected  on  the  38  variables  at  the  time  of  ac- 
cession, during  service,  and  at  reenl  i stnient  or  separation.  The 
cohort  variables  and  source  of  each  element  are  shown  in  Table 
4-1. 


4-3.  DERIVATION  AND  USE  OF  REENLISTMENT  FACTORS.  The  variables 
shown  in  Table  4-1  were  selected  for  analysis  because  collectively 
they  offered  the  potential  of  describing  the  "whole  man."  The 
large  number  of  variables  and  the  close  relationship  between  some 
variables  (e.g.,  marital  status,  number  of  dependents),  however, 
indicated  that  these  variables  required  screening  to  determine 
which  would  provide  the  most  infonnation  concerning  reenlistment 
behavior.  This  screening  process  using  FY  71  cohort  data  was  ac- 
complished with  the  AID  III  statistical  model.  The  following  dis- 
cussion describes  the  AID  Model;  the  analysis  of  the  FY  71  cohort; 
and  how  that  cohort  was  delineated  into  subpopulations  for  which 
reenlistment  factors  were  developed. 

a.  Aid  III  Model  Operation.  Tne  AID  Model  provides  a means  to 
define  subpopulations  which  demonstrate  homogenous  behavior  in 
terms  of  a dependent  variable,  such  as  the  rate  of  reenlistment, 
when  many  independent  variables  are  available.  The  AID  Model 
will  accept  up  to  31  values  for  each  independent  variable.  Using 
reenlistment  as  the  dependent  variable,  the  model  identifies  the 
one  variable  that  will  allow  the  parent  population  to  be  split 
into  two  subpopulations  that  exhibit  the  greatest  difference  in 
reenl i stment  rates.  Each  of  these  subpopulations  is  divided  fur- 
ther and  the  process  continues,  either  through  a predetermined 
number  of  suopopulation  splits  or  until  the  size  of  the  subpopula- 
tions fall  below  a predetermined  value.  (These  limits  are  estab- 
lished by  the  user).  The  advantage  of  this  technique  is  that 
while  all  independent  variables  are  considered,  only  those  which 
exert  the  most  influence  on  reenlistment  are  selected. 
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Table  4-1.  Cohort  Variables  and  Data  Sources 


Variable 

Number 

Variable  Name 

Source 

1 

Age  at  Enlistment 

G/L^ 

2 

Enlistment  Term  of  Service 

G/L 

3 

Separation  Program  Designator 

G/L 

4 

Enlisted/Drafted  Status 

MVAb 

5 

Lottery  Number 

MV  A 

6 

Race 

emfc 

7 

AFQT  Test  Scores 

MVA 

8 

Sex 

EMF 

9 

Education 

EMF 

10 

Primary  MOS 

EMF 

11 

Career  Management  Field 

EMF 

12 

Duty  MOS 

EMF 

13 

MOS  Evaluation  Score 

EMF 

14 

Pay  Grade 

EMF 

15 

VRB/SRB  Pay  Grade 

G/L 

16 

VRB/SRB  MOS 

G/L 

17 

VRB/SRB  Level 

G/L 

18 

Proficiency  Pay  Status 

EMF 

19 

Marital  Status 

EMF 

20 

Number  of  Dependents 

EMF 

21 

Enlistment  Option 

MVA 

22 

Training  Committment 

MVA 

23 

State  (Home  of  Record) 

MVA 

24 

Assignment  Code 

EMF 

25 

Assignment  Location 

EMF 

26 

Recruiting  Main  Station 

MVA 

27-33 

Army  Qualification  Battery  Test  Scores 

MVA 

34 

Transaction  Number 

G/L 

35 

Transaction  Date 

G/L 

36 

Transaction  Code 

G/L 

37 

Social  Security  Account  Number 

G/L 

38 

Zip  Code  (Home  of  Record) 

MVA 

^MILPERCEN  Gains/Losses  File 
^USAREC  Modern  Volunteer  Army  File 
^MILPERCEN  Enlisted  Master  File 
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Further,  by  eliminating  non-i nfl uential  variables,  the  mode',  pre- 
vents the  number  of  subpopulations  from  becoming  unmanageable  and 
the  size  of  the  subpopulations  from  becoming  too  small  for  statis- 
tical significance.  An  example  of  results  obtained  with  the  AID 
Model  is  shown  in  Figure  4-1,  This  example  reflects  at  block  1 a 
parent  population  with  an  overall  reenlistment  rate  of  b.9l>.  Each 
member  of  the  parent  population  in  this  example  is  known  in  terns 
of  the  three  most  influential  independent  variables:  term  of  ser- 

vice, race,  and  the  number  of  dependents.  The  AID  Model  first 
divides  the  parent  population  into  two  subpopulations,  blocks  2 
and  3,  based  on  initial  terms  of  service  with  a reenl i stment  rate 
of  4.4%  for  draftees  and  two-year  enlistees  and  a reenlistment 
rate  of  11.9%  for  those  with  other  initial  terms  of  service,  're- 
spectively. Mo  other  variable  could  be  used  to  subdivide  the  par- 
ent population  into  two  subpopul ations  that  exhibited  as  great  a 
difference  in  reenlistment  rates.  Subpopul ation  2 is  then  furthe>r 
subdivided  based  on  the  number  of  dependents  while  subpopulation  3 
is  subdivided  by  race.  Again,  these  splits  '-esult  in  subpopula- 
tions exhibiting  the  greatest  difference  in  reenlistnent  rate.  In 
this  example,  by  knowing  only  three  attrioutes  of  the  population, 
reenlistment  rate  estimates  can  be  derived  which  range  from  a low 
of  3.6%  to  a high  of  21.7%. 

b.  Analysis  of  FY  71  Cohort.  There  were  256,479  accession  re- 
cords in  the  FY  71  cohort  file.  Prior  to  performing  analysis,  the 
data  on  the  cohort  files  were  checked  to  eliminate  records/vari- 
able entries  which  were  illogical  (e.g.  age  = 5).  After  rejecting 
records/variables  with  illogical  data,  a random  sample  of  the  re- 
maining error  free  records  consisting  of  46,190  records  was  used 
for  initial  analysis  of  the  FY  71  cohort.  Certain  preprocessing 
of  the  cohort  file  data  was  required  before  using  the  AID  Model 
because  of  the  dynamics  of  the  personnel  system.  In  the  past, 
bonus  levels  have  been  changed  to  correct  observed  deficiencies  i 
MOS  strength  levels.  If  bonus  managers  observe  reenl  i stjnent  rate^ 
which  are  unacceptably  low,  the  bonus  is  raised.  If  the  reenlist- 
ment rate  is  too  high,  the  bonus  level  is  lowered.  Decause  the 
level  of  the  bonus  can  serve  to  boost  MOS  with  low  reenl istmort 
rates  and  to  reduce  those  with  high  rates,  the  bonus  is,  in  ef- 
fect, a leveling  agent.  The  result  is  that  many  MOS,  for  difftreti- 
bonus  level',  have  similar  rates;  because  one  dependent  var'ahle 
used  Dy  the  AID  Model  is  the  reenlistnent  behavior  of  the  soldier, 
the  significance  of  the  SRB  as  an  independant  variable  may  be  dim 
ini  shed  by  the  leveling  effect  of  the  SRB.  To  compensate  for  this 
possible  effect,  the  FY  71  cohort  data  was  stratified  according  to 
the  SRB  level  which  was  paid  or  for  which  the  individual  was  eli- 
gible at  the  time  of  separation,  AID  analysis  was  then  performed 
on  the  stratified  subsets.  By  redefining  the  error-free  parent 
population  into  stratified  SRB  populations,  the  marginal  effect  of 
each  bonus  level  could  be  retained. 


4-4 


CAA-SR-77-10 


(1)  Selection  of  Reenlistment  Variables.  The  results  AID 
runs  on  the  stratified  error-free  data  set  are  diagramed  at  Appen- 
dix E.  To  determine  the  effect  of  the  SRB,  identical  subpopula- 
tions defined  b>  attribute  sets  are  required  at  each  SRB  level  in 
order  to  observe  the  change  in  reenlistment  rates  as  a function  of 
the  SRB  when  other  factors  are  held  constant.  A cursory  examina- 
tion of  the  AID  splits  at  Appendix  E reveals  that  the  AID  trees 
are  not  identical  at  all  levels  of  the  SRB.  This  disparity  may 
result  from  correlation  between  variables  such  as  marital  status 
and  number  o^"  dependents  and  the  random  variability  in  the  data. 

A more  detailed  examination  of  these  AID  trees  reveals  that,  al- 
though the  order  of  splits  varied  between  SRB  levels,  the  same 
general  set  of  variables  and  classes  within  variables  appeared  at 
all  SRB  levels.  These  variables  were:  term  of  service,  race,  pay 

grade,  number  of  dependents,  and  educational  level.  Based  on  these 
five  selected  reenlistment  variables,  an  error-free  data  set  was 
then  extracted  from  the  FY  71  cohort  file.  There  were  174, 22B 
records  that  had  valid  entries  for  these  five  variables.  These 
records,  however,  included  two-year  enlistees  and  draftees  which 
represented  a category  of  soldier  no  longer  in  the  force.  Accord- 
ingly, the  error-free  sample  was  reduced  by  excluding  the  two-year 
term  of  service  soldiers  from  the  sample.  This  exclusion  reduced 
the  sample  from  174,228  records  to  39,047.  (This  reduction  is 
particularly  significant  at  the  SRB  2 level  which  had  a remaining 
population  of  only  512  records  out  of  the  sample  of  39,047  re- 
cords). The  term  of  service  variable  within  the  AID  trees  in  Ap- 
pendix E appeared  to  discriminate  only  between  soldiers  with  two- 
year  service  obligations  and  soldiers  with  three  or  more  years  of 
obligated  service.  Because  two-year  enlistees/draftees  had  been 
excluded  from  the  error-free  sample,  this  variable  was  no  longer 
significant  and  was  discarded.  The  remaining  variables  and  the 
classes  or  categories  within  each  variable  used  to  define  reen- 
listment subpopulations  are  shown  in  Table  4-2. 
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Table  4-2. 


Classes  Within  Variables  Used  to  Define  Subpopulations 


Variable 

Classes  Within  Variable 

Race 

Black 

White  and  other 

Pay  Grade 

E1-E3 

E4  and  above 

None 

Number  of  Dependents 

One  or  more 

Education 

Non-high  school  qraduate 
High  school  diploma  oraduate 
GED  high  school  qraduate 
Some  college  education 

i 

i 

] 


j 


(2)  Definition  of  Subpopulations.  The  combination  of  vari- 
aples  and  classes  shown  in  Table  4-2  define  32  mutually  exclusive 
and  collectively  exhaustive  subpopulations  (e.g.,  Black,  E4  or 
above,  no  dependents,  high  school  diploma  graduate).  As  illus- 
trated in  figure  4-2,  the  3y,u47  error  free  records  from  the  FY  71 
cohort,  after  excluding  draftees  and  two-year  enlistees,  were 
categorized  by  subpopulation.  Each  subpopulation  was  then  further 
distributed  across  the  five  SkB  levels  based  on  the  SRB  eligibil- 
ity that  each  soldier  had  at  separation  or  reenlistment.  This 
distribution  across  SRB  levels  permitted  assessment  of  changes  in 
reenlistment  rates  as  a function  of  the  SRB  level  for  each  of  the 
defined  subpopulations.  The  number  of  soldiers  within  each  of 
these  32  subpopulations  at  each  SRB  level  is  shown  in  Appendix  F, 
also  shown  is  the  number  of  soldiers  who  reenlisted  within  each  of 

these  subpopulations.  J 


1 
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(3)  Framework  for  Update.  The  reenlistment  factors  which 
define  each  of  the  32  subpopul ations  provide  a multidimensional 
view  of  reenlistment  behavior.  Reenlistment  incentive  programs 
are  designed  to  influence  reenlistment  behavior.  Knowledge  of  the 
reenlistment  behavior  of  specific  types  of  soldiers  provides  a 
valuable  capability  to  focus  incentive  programs  on  these  specific 
populations  and  anticipate  the  effect  of  the  policy  based  on  their 
demonstrated  historical  behavior.  The  technique  used  to  measure 
t the  historical  reenlistment  behavior  of  the  32  subpopulations  is 

discussed  in  the  following  paragraph.  This  technique  is  discussed 
' in  detail  to  provide  the  framework  for  updating  when  more  current 

cohort  data  are  available. 


c.  Developing  Subpopulation  Reenlistment  Rates.  In  this  re- 
port, reenlistment  is  mode! ed  as  a binornTTf  process  where  each 
individual  case  has  only  two  possible  outcomes:  reenlistment  or 

separation  regardless  of  type.  The  unbiased  estimator  of  the  true 
reenlistment  propensity  is  the  number  of  reenlistments  divided  by 
the  total  population.  This  estimate  is  a statistic  of  the  sample 
and,  as  such,  approximates  the  true  reenlistment  propensity  within 
confidence  in’.ervals.  Statistical  tables*  can  be  used  to  estab- 
lish confidence  intervals  on  the  estimate  as  a function  of  the 
sample  size  and  the  number  of  reenlistments  realized.  For  ex- 
ample, if  in  a sample  of  size  10,  one  individual  reenlisted,  the 
estimate  of  the  reenlistment  propensity  would  be  U.lU.  A 95r  con- 
fidence interval  on  that  estimate  ranges  from  a low  of  almost  zero 
to  a high  of  0.47;  the  probability  that  the  true  propensity  to 
reenlist  is  greater  than  0.47  is  0.05.  As  the  sample  size  in- 
creases the  range  of  the  confidence  interval  diminishes.  Thus,  if 
in  a sample  of  100,  10  reenlist  the  estimate  of  the  reenlistment 
propensity  is  0.10,  but  a 95%  confidence  interval  on  the  true  pro- 
pensity would  now  range  from  0.05  to  0.18.  This  natural  variabil- 
ity of  the  data  obscures  the  impact  of  the  SRB  wheh  the  estimate 
at  each  SRB  level  is  considered  in  isolation.  To  highlight  this 
effect,  consider  the  subpopulation  statistics  shown  in  Figure  4-3 
for  Black,  high  school  diploma  graduates  in  grade  E1-E3  with  no 
dependents  where  the  95%  confidence  interval  for  each  estimate  is 
shown  by  brackets. 


*W.  Dixon  and  F.  Massey,  Jr.,  Introduction  to  Statistical 
Analysis,  McGraw-Hill,  1969. 
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Figure  4-3.  Raw  Reenlistment  Statistics  with  Confidence  Interval 
for  Black,  High  School  Diploma  Graduates  in 
Grades  E1-E3  with  no  Dependents 
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(1)  In  Figure  4-3,  the  raw  reenlistment  rate  is  7.3%  at  SRB 
4 and  5.5%  at  SRB  5.  The  totals  of  this  subpopulation  at  those 
SRB  levels  were,  however,  only  82  at  SRB  4 and  73  at  SRB  5.  An 
increase  of  only  two  reenlistments  at  SRB  5 would  have  increased 
the  SRB  5 reenlistment  rate  from  5.5%  to  8.2%,  thereby  avoiding 
the  apparent  inconsistency  of  a lower  reenlistment  rate  in  return 
for  a higher  SRB  level.  The  32  subpopulations  in  Appendix  E 
could  be  consolidated  into  more  generally  defined  populations  by 
eliminating  one  or  more  of  the  four  reenlistment  variables.  With 
fewer  subpopulations,  the  subpopulation  size  would  be  increased 
and  the  sensitivity  of  the  reenlistment  rate  to  small  populations 
avoided.  This  approach,  however,  was  rejected  because  there  was 
no  basis  for  assuming  that  small  populations  would  remain  constant 
between  cohort  files.  A reduction  in  the  number  of  subpopulations 
was  also  rejected  because  of  the  strong  statistical  significance 
that  the  variables  of  race,  pay  grade,  education  and  number  of 
dependents  displayed  in  the  AID  III  analysis.  Accordingly, 
weighted  linear  regression  was  used  to  establish  a relationship 
between  reenlistment  rates  and  SRB  levels  for  all  32  subpopula- 
tions. The  problem  of  potentially  wide  variation  in  reenlistment 
rates  for  small  subpopulations  was  addressed  by  creating  a joint 
probability  distribution  for  use  with  subpopulations  of  less  than 
100  records  at  more  than  two  SRB  levels.  These  techniques  are 
discussed  in  paragraphs  (1)  and  (2)  oelow. 

(2)  Weighted  Linear  Regression.  This  technique  establishes 

a trend  or  regression  line  by  weighting  the  observed  reenl i stment 
quantity  at  each  SRB  level  according  to  its  proportion  to  the  en- 
tire subpopulation.  In  this  manner,  a population  of  100  at  SRB  2 
would  influence  the  regression  line  less  than  a population  of  500 
at  SRB  3.  By  weighting  each  of  the  SRB  data  points  according  to 
the  size  of  its  SRB  population,  the  regression  line  on  reenlist- 
ment trend  is  not  biased  by  disproportionately  small  SRB  distribu- 
tions (e.g.,  SRB  2 with  only  512  error-free  records).  Figure  4-4 
illustrates  the  use  of  this  technique  for  the  suopopul ation  de- 
fined as:  White/other;  no  dependents;  E-4  or  above;  non-high 

school  graduate.  The  population  size  at  each  SRB  level  is  shown 
in  parenthesis.  In  Figure  4-4,  the  regression  lit.e  is  expressed 
as; 


Y = 0.124  + 0.024X 


where;  X is  the  SRB  level  and  Y is  the  reenl istnent  rate. 
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Figure  4-4.  Reenlistment  Behavior  of  White  and  Other,  Non-high 
School  Graduates,  with  no  Dependents  and  in  Grade  E4  or  Above 


(a)  This  regression  equation  accounts  for  77  percent  ot  the 
variability  of  the  weighted  data  and  based  on  the  sample  of 
weighted  data,  the  77  percent  is  statistically  significant  at  t^e 
0.05  level  (95%  confidence).  Because  all  members  ot  the  FY  /I 
cohort  were  offered  a minimum  reenlistment  bonus  (SRB  1),  this 
equation  is  not  statistically  valid  for  populations  which  are  not 
offered  any  bonus  (SRB  0).  Reeni  i stiiient  estimates  for  SRB  0 nop:, 
lations  would  have  to  be  developed  from  more  current  data.  As  an 
interim,  the  intercepts  of  the  regression  lines  based  on  FY  71 
data  are  considered  reasonable  approximations. 
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(b)  Although  weighted  regression  equations  are  suitable  for 
estimating  reenl  i stment  rates  for  large  samples,  the  degree  of 
precision  is  sharply  reduced  when  all  or  most  of  the  SRB  levels  of 
a subpopulation  are  small.  The  example  of  Figure  4-3  illustrated 
the  variability  of  small  samples  with  associated  broad  confidence 
Intervals.  For  this  reason,  the  use  of  weighted  linear  regression 
on  the  raw  data  was  restricted  to  those  subpopulations  with  sample 
sizes  of  100  or  more  within  at  least  three  of  the  SRB  levels. 

( 3 ) The  Joi nt  Probabi 1 i ty  Distribution  for  Small  Samples . 

The  AID  Model  identified  the  variables  most  important  in  predi’ct- 
ing  reenl i stment;  the  influence  of  these  variables  is  verified  by 
considering  the  separate  or  marginal  significance  of  each  of  those 
variables  as  predictors  of  reenlistment.  Figures  4-5  through  Fig- 
ure 4-8  show  the  raw  data  and  weighted  regressions  for  each  of 
those  variables  when  the  subpopulations  are  defined  in  terms  of 
only  one  variable.  These  weighted  regressions  conform  to  the 
limitations  (subpopulations  equal  or  greater  than  100)  discussed 
in  the  preceding  paragraph. 

(a)  In  Figures  4-5  to  4-0,  the  r^  values  validate  the  im- 
portance of  each  of  the  variables  as  separate  predictors  of  '■een- 
listment.  The  individual  significance  of  each  of  the  variables 
appears  to  justify  rolling  up  small  pop-ulations  on  one  variable 
and  casing  the  prediction  of  future  effects  on  that  variable. 

This  would  oe  a valid  technique  if  the  demographic  cnanacteri sties 
of  the  populations  remained  constant,  but  the  demography  of  the 
Army  has  and  will  continue  to  change.  For  example,  conside'"  pay 
grade  as  a predictor  variaole.  In  Figure  4-6  at  SRB  4,  a reen- 
listment rate  of  16. 8^  is  expected  for  E4‘s  and  above  and  a reen- 
listment rate  of  3.6f  is  anticipated  tor  El-E3's.  At  the  same 
time.  Figure  4-5  indicates  that  Blacxs  at  the  same  SR5  level  wili 
reenlist  at  the  rate  of  27. while  othe'"  races  will  reenlist  at  a 
rate  of  13i.  The  percentage  of  Blacks  in  the  Army  has  increased 
since  fy  71  and,  according  to  the  racial  oehavior  data,  will  have 
a reenlistment  rate  twice  as  high  as  other  races  at  tne  SRB  4 
level.  If  the  ratio  of  E4  and  aoove  to  E1-E3  has  remained  con- 
stant, then  any  prediction  cased  on  cay  grace  discounts  the  «.ncwn 
effects  of  race.  Similarly,  if  education  and  tne  numcer  of  ceper- 
dents  are  valid  predictors,  the  efficiency  of  those  predictors  is 
contingent  on  the  other  important  attricutes  of  tne  population  at 
the  time  the  estimating  relationship  «as  developed. 
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Figure  4-7.  FY  71  Cohort  Reenlistment  Behavior  by  Educational  level 
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(b)  To  compensate  for  the  interaction  between  predictor 
variables,  their  marginal  distributions  within  the  FY  71  cohort 
were  used  to  form  a joint  probability  distribution  function.  In 
constructing  the  joint  function,  the  individual  predictors  were 
assumed  to  be  independent.  As  an  example  of  this  methodology, 
consider  the  variables  race  and  pay  grade.  If  60%  of  the  entire 
sample  is  White  and  30%  of  the  sample  is  in  pay  grade  El  to  E3, 
then  it  can  be  hypothesized  that  the  variable  subpopulation  de- 
fined as  White,  in  grade  El  to  E3  would  be,  proportionally,  repre- 
sented by  0.60  X 0.30  or  0.18  of  the  entire  sample.  Similarly, 
White  in  grade  E4  and  above  would  comprise  0.60  x 0.70  or  0.42  of 
the  sample.  Figure  4-9  illustrates  the  proportional  distribution 
of  the  four  collectively  exhaustive  reenl i stment  subpopulations 
for  the  variables  race  and  pay  grade. 


Race  Pay  Rrade 


White 

E4  and 

0.60 

above 

0.70 

X 

Black 

E1-E3 

0.40 

0.30 

Race  and  Pay  Grade 


Whi te , 

1 

> E4 

0.60  X 

71.70  = 0.42 

I Black, 

> E4 

1 0.40  X 

0.70  = 0.28 

1 

White, 

El  - E3 

o 

o 

X 

0.30  = 0.18 

Black , 

E1-E3 

0.40  X 

0.30  = 0.12 

Figure  Proportional  Distribution  of 

Reenlistment  Subpooulations 


(c)  Note  in  Figure  4-9  that  the  ratios  of  white  to  Black 
in  the  race/pay  grade  sample  (0.42  + 0.18  - 0.60;  to  0.2b  + 0.12  = 
0.40)  are  maintained  for  the  race  sample  and  similarily,  the  pay 
grade  ratios  are  maintained  (0.42  + 0.28  - 0.70,  0.18  + 0.12  - 

0.30).  Based  on  the  principle  of  proportionality,  it  is  possible 
to  estimate  reenlistment  rates  for  small  populations  by  scaling 
the  reenlistment  rates  of  one  of  the  variables  according  to  the 
reenlistment  distribution  of  the  other  variable.  To  continue  the 
previous  example,  suppose  that  the  sample  size  is  l.uOO  and  that 
the  marginal  reenlistment  rates  are  as  shown  in  Table  4-3. 
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Table  4-3.  niustrative  Marginal  Reenlistment  Rates  and 
Subpopulation  Sizes 


Vari abl e 

Subpopulation 

Marginal 

Reenlistment  Rate 

Number  of 
Reenlistees 

White 

600 

0.10 

60 

Black 

400 

0.20 

80 

Total 

1000 

140 

E1-E3 

300 

0.12 

35 

E4  and  above  700 

0.15 

105 

Total 

1000 

140 

(d)  In  ’’able  4-3,  both  race  and  pay  grade  estimate  14C 
reenlistees  from  the  sample  of  1,000.  In  constructing  the  joint 
distribution  it  is  assumed  that  reenlistment  by  race  will  occur  at 
the  rates  calculated  for  pay  grades  except  for  constants  of  pro- 
portionality representing  tne  effects  of  race.  For  the  sample 
size  of  1,000,  the  results  of  Figure  4-9  indicate  that  of  the  600 
whites,  420  would  be  in  pay  grades  E4  or  above  and  180  in  pay 
grades  El  to  E3.  The  constant  of  proportional i ty  for  unites, 
can  be  derived  by  solving  the  following  equation: 


(4201(0.15) 


♦ (1601(0. 12)c' 
84  = 50 

C = 0.T14 


6 


'his  constant  is  then  used  to  compute  a '■eenl  i stment  '•ate  of  IJt 
(vI.Tld  X 0.151  for  unites  in  grade  E4  ana  above  and  c.6i  ^."14  x 
J.121  for  whites  in  grades  E1-E3.  ^or  Elacxs,  the  constant  of  pro- 
portionality is:  (2801  (0.25)  C-  * (1201  (2.121  Cq  = 5u,  = 

1.418.  Lsing  a Cq  = 1.41a  for  sTacxs,  a rate  of  21.37  is  corputed 
for  E4  and  above  and  a rate  of  1'’.07  is  obtained  for  grades  E1-E3. 
'able  4-4  snows  the  results  of  tnese  calculations  for  tne  example. 
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Table  4-4.  The  Joint  Reenlistment  Distribution 


Variable 

Subpojiulation 

Reenlistment 

Rate 

Number  of 
Reenl istees 

White,  E4  and  above 

420 

0.107 

45 

White,  E1-E3 

180 

0.086 

15 

Sub  total 

600 

60 

Black,  E4  and  above 

280 

0.213 

6G 

Black,  E1-E3 

120 

0.170 

20 

Sub  total 

400 

80 

Total 

1000 

140 

(e)  In  Table  4-4,  note  that  summing  over  race  yields  the 
marginal  distributions  by  pay  grade  shown  in  Table  4-3  and  that 
summing  over  pay  grade  yields  the  appropriate  marginals  by  race. 
The  use  of  this  technique  provides  an  estimate  of  reenlistment 
propensities  for  those  samples  too  small  for  direct  estimation. 
Weighted  linear  regression  was  then  used  to  establish  regression 
equations  for  these  reenlistment  estimates. 

4-4.  ANALYSIS  OF  REENLISTMENT  FACTORS.  Using  the  regression 
equations  developed  from  the  actual  reenlistment  data  (for  large 
populations)  and  from  the  estimates  derived  through  joint  prob- 
ability distributions  (for  small  population),  reenlistment  rates 
for  the  32  subpopulations  at  each  SRB  level  were  computed.  These 
reenl i stnent  rates  are  shown  in  Table  4-5;  the  table  is  in  two 
parts:  A and  B.  The  following  paragraphs  analyze  the  in'.'raction 

of  the  four  retention  factors;  race,  education,  dependents  ana 
pay  grade  on  reenlistment  and  the  SRB.  To  facilitate  discussion, 
each  of  the  32  subpopulations  have  been  sequentially  numbered  in 
each  table  and  suffixed  with  a letter  to  denote  the  table  from 
which  it  was  taken.  Subpopulation  BA,  for  example,  refers  to  sol- 
diers who  are  White/other;  E1-E3;  w/dependents;  greater  than  nigh 
school  education.  Subpopulation  8B  is  the  same  except  these  sol- 
diers are  Black. 
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Race.  The  reenl i stment  rates  for  all  16  Black  subpopula- 
tions (Table  4-5,  Part  B)  are  significantly  higher  than  their  16 
White  counterpart  populations  (Table  4-5  Part  A).  This  difference 
is  also  reflected  in  the  higher  overall  Black  marginal  response 
(Part  B)  to  the  SRB  when  compared  to  the  lower  White  marginal  re- 
sponse (Part  A).  The  Black  marginal  response  to  the  SRB  is 
consistent  with  a higher  reenlistment  propensity;  it  is  logical 
that  a subpopulation  with  a high  reenlistment  propensity  at  a low 
bonus  level  is  more  likely  to  have  that  propensity  reinforced  by 
an  increase  in  the  bonus.  In  spite  of  the  marked  difference  be- 
tween the  overall  Black  and  White  reenlistment  rates,  the  marginal 
response  to  the  SRB  of  the  16  Black  populations  general ly  paral- 
leled the  White  counterpart  marginal  response  to  the  SRB.  In 
this  manner,  subpopulations  4A  and  4B  had  the  lowest  marginal  re- 
sponse to  an  SRB  and  subpopulations  15A  and  15B  had  the  highest 
marginal  response  to  the  SRB.  The  parallel  effects  of  reenlist- 
ment behavior  and  bonus  marginal  response  are  illustrated  in  Fi- 
gure 4-10.  These  parallel  effects  not  only  show  the  significance 
of  race  as  a retention  factor  but  also  serve  to  highlight  the  im- 
portance of  the  remaining  retention  factors  (pay  grade,  number  of 
dependents  and  educational  level)  in  describing  complete  reenlist- 
ment/bonus behavior. 

b.  £diKayqn.  The  General  Educational  Development  (GED)  sub- 
populations showed  high  reenlistment  propensity  and  high  response 
to  the  bonus.  At  the  opposite  end  of  the  reenlistment/bonus  re- 
sponse spectrum  were  those  soldiers  who  had  educational  achieve- 
ments greater  than  high  school.  The  indifference  to  reenlistment 
and  bonuses  displayed  by  soldiers  who  had  high  educational  achieve- 
ments may  well  be  a shared  perception  that  civilian  opportunities 
resulting  from  their  educational  achievements  are  greater  than 
military  opportunities.  The  high  reenlistment  rates  exhibited  by 
the  GED  subpopulations  may  reflect  an  attitude  that  the  GED 
equivalence  has  provided  them  with  an  increased  opportunity  to 
compete  with  the  high  school  diploma  graduate  within  the  Army 
rather  than  within  civilian  occupations.  The  GED  subpopulations 
may  also  be  highly-motivated,  non-high  school  graduates  who  per- 
ceive that  the  GED  equivalence  will  enhance  their  military  oppor- 
tunities. The  distinction  between  non-high  school  graduates  and 
high  school  diploma  graduates  is  less  clear.  High  school  gradu- 
ates reenlist  at  a higher  rate  (an  exception  is  subpopul ation  9A; 
Whites;  E4  or  above;  non-high  school  graduate;  no  dependents)  and 
are  more  responsive  to  the  bonus  than  soldiers  without  a high 
school  diploma.  This  distinction,  however,  is  less  pronounced 
between  soldiers  in  grades  E1-E3.  The  reenlistment  behavior  of 
the  high  school  graduate  unquestionably  has  some  bias  resulting 
from  Army  policy  which  favors  soldiers  having  a high  school  di- 
ploma or  GED  equivalence.  This  preference,  however,  does  not 
account  for  the  higher  marginal  response  to  the  SRB  demonstnated 
by  the  high  school  diploma  graduate. 
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c.  Dependents.  At  an  SRB  1,  soldiers  with  dependents  display 
little  difference  in  reenlistment  rates  from  those  witnout  depend- 
ents; exceptions  to  this  general  rule  are  Black  and  white,  E4  or 
above,  with  more  than  a high  school  education  and  without  depend- 
ents {subpopulations  12A  and  12B)  who  reenlist  for  an  SRB  1 at  a 
slightly  higher  rate  than  their  married  Black  or  white  counter- 
parts (subpopulations  IbA  and  16B).  These  exceptions  may  reflect 
the  perceived  need  on  the  part  of  the  highly  educated  soldier  with 
dependents  for  higher  pay  consistent  with  his  education  and  his 
family  responsibilities.  As  the  SRB  level  is  increased,  however, 
family  obligations  appear  to  exert  more  influence.  This  percep- 
tion is  reinforced  by  the  significantly  nigher  marginal  response 
to  the  higher  SRB  levels  displayed  by  all  soldiers  wi tn  dependents 
than  those  without  dependents,  the  soldier  with  dependents  is 
apparently  more  likely  to  be  induced  by  a higher  bonus  than  his 
counterpart  without  dependents  because  the  bonus  offers  increased 
family  support  without  the  uncertainity  of  seeking  new  employment. 

d.  Pay  Grade.  Soldiers  in  pay  grade  E4  or  above  demonstrate  a 
decidedly  higher  reenlistment  propensity  and  marginal  response  to 
the  SRB  than  their  counterparts  in  grades  E1-E3.  The  high  reen- 
listment propensity  at  the  SRB  1 level  is  reinforced  at  the  higher 
SRB  levels.  This  higher  reenlistment  response  to  an  SRB  is  possi- 
bly due  to  the  positive  rei nforcement  that  "successful"  soldiers 
receive  from  military  service  (as  demonstrated  by  their  higher 
grade).  Conversely,  those  soldiers  in  the  lower  grades  may  be 
displaying  an  indifference  to  the  service  by  failing  to  compete 
successfully.  This  indifference  to  reenlist  even  at  high  oonus 
levels  is  generally  reciprocated  by  Army  retention  policies  which 
may  not  encourage,  or  even  prohibit,  reenlistment  of  marginal  per- 
formers. 

4-5.  SUMMARY.  As  discussed  in  the  preceding  paragraphs,  there 
are  general  trends  in  reenlistment  or  SRB  response  which  emerge 
when  viewing  the  four  retention  factors  (race,  education,  pay 
grade,  and  number  of  dependents)  either  in  isolation  or  in  con- 
cert. The  difference  in  specific  reenlistment  rates  and  SRB  mar- 
ginal responses  between  the  32  subpopulations  identified  in  this 
chapter  indicate  the  need  to  maintain  a multidimensional  view  of 
the  soldier.  Although  the  general  statement  that  Blacks  reenlist 
at  a higher  rate  than  whites  is  supported  by  analysis  of  the  EY  71 
cohort  data,  this  statement  ignores  the  fact  that  certain  Whites 
reenlist  at  higher  rates  than  some  Blacks.  The  four  retention 
factors  of  race,  education,  number  of  dependents,  and  pay  grade 
provide  enough  specific  data  to  permit  a better  estimate  of  the 
kind  of  soldier  the  Army  will  attract  with  an  incentive  policy  and 
where,  if  possiole,  to  focus  that  retention  policy.  The  ability 
to  focus  on  the  "whole  man"  in  formulating  retention  policy  also 
has  a corollary  in  recruiting  efforts  and  in-service  policies  such 
as  promotion,  education,  any  dependent  care  and  welfare. 
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BONUS  alternatives 


5-1.  INTRODUCTION.  In  Chapter  4,  reeni i stment  factors  were  de- 
veloped and  used  to  derive  reenlistment  rates  for  first  term  sol- 
diers. These  rates  differed  from  tabulated  statistical  data  be- 
cause these  rates  defined  specific  soldier  subpopulations  in  a 
manner  that  explained  or  told  "who"  was  reenlisting.  The  histori- 
cal reenlistment  behavior  of  these  soldier  populations  was  then 
correlated  with  the  five  SRB  levels  which  permitted  inferences 
concerning  the  effect  of  the  SRB;  who  responded  to  each  SRB  level 
and  who  did  not?  By  quantifying  the  effects  of  the  SRB  in  this 
manner,  these  effects  could  be  used  as  input  to  the  CEABREP  system 
and  used  to  provide  a bonus  manager  with  more  detailed  projections 
of  the  impact  of  the  SRB  on  the  enlisted  force.  In  the  same  manner, 
the  historical  effects  of  other  policy  incentives  can  be  assessed, 
quantified  and  used  within  the  CEABREP  system  to  estimate  their 
effect  on  the  projected  force.  Implicit  in  this  approach,  is  the 
requirement  for  historical  data  which  spans  the  policy  under  con- 
sideration and  from  which  the  historical  effects  can  be  derived. 

As  discussed  in  Chapter  1,  the  effects  on  reenlistment  rates  of 
incentive  policies  as  alternatives  for  the  SRB  could  not  be  quan- 
tified because  of  current  Army  personnel  data  limitations.  Not- 
withstanding this  impediment,  a stated  objective  of  this  study 
requires  the  exploration  of  alternatives  to  high  SRB  payments. 

This  chapter,  within  the  constraint  of  the  data  limitations,  dis- 
cusses two  alternatives  to  the  SRB.  These  alternatives  are  in- 
duced MOS  reclassification  and  the  CONUS-to-CONUS  station  of 
choice  reenlistment  option.  The  following  discussions  are  based 
on  the  rationale  that  reenlistment  incentives  that  cost  no  more 
than  an  SRB,  and  are  acceptable  to  a soldier  in  lieu  of  an  SRB, 
are  viable  bonus  alternatives. 

5-2.  INDUCED  RECLASSIFICATION.  Rhile  the  Army  currently  permits 
soldiers  in  surplus  MOS  to  reenlist  for  shortage  MOS  (if  mentally 
and  physically  qualified),  existing  regulations  provide  little 
incentive  for  these  soldiers  to  do  so,  even  if  tne  shortage  MOS 
has  a bonus  entitlement.  Current  regulations  require  a soldier  to 
hold  an  MOS  for  90  days  prior  to  reeni  i stnent  to  be  eligible  to 
receive  a bonus  in  that  MOS;  yet  in  most  cases,  for  a soldier 
changing  his  specialty  (reclassification),  the  new  MOS  cannot  be 
awarded  until  after  the  soldier  has  reenlisted  for  it.  Although  a 
shortage  MOS  may  be  authorized  a selective  reenlistment  bonus 
level  5 (SRB  5)  and  a surplus  mqs  authorized  no  bonus  (SRB  0),  the 
soldier  in  the  surplus  MOS  cannot  be  paid  a bonus  for  reeni i stnent 
in  either  the  surplus  or  the  shortage  *^0S.  There  is  no  positive 
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inducement  for  the  soldiers  in  surplus  MOS  (who  are  mentally  and 
physically  qualified  for  a shortage  MOS)  to  move  fro(n  the  relativt 
security  of  their  current  MOS  to  the  unknown  environment  of  the 
shortage  MOS. 

a.  Marginal  Cost.  A reenlistment  incentive  does  not  need  to 
be  focused  entirely  on  the  reenlistment  decision  of  soldiers  in  a 
shortage  MOS.  As  discussed  in  the  analysis  of  retention  factors 
(see  Chapter  4),  each  SRB  increase  within  an  MOS  focuses  on  a 
sma:ler  residual  population  that  is  more  "bonus  resistant"  or  is 
less  career-motivated.  Concurrently,  the  SRB  increase  "over 
sells"  the  MOS  to  those  soldiers  who  were  motivated  to  reenlist 
without  a bonus  or  at  a lower  bonus  level.  To  illustrate  this 
effect,  consider  a notional  MOS  with  a population  representative 
of  the  FY  71  accession  cohort.  Table  5-1  shows  the  expected  reen- 
listment rates  and  both  the  direct  and  marginal  costs  per  reenlis- 
tee. 


Table  5-1.  Representative  Reenlistment  Rates  and  Costs 


SRB 

Level 

Reenl istment 

Cost  per 
Reenl istee^ 

Marginal  Cost 
per  Reenlistee 

1 

9.2  percent 

S2,380 

-- 

2 

11.0  percent 

4,625 

$16,099 

3 

12.8  percent 

7,150 

22,581 

4 

14.6  percent 

9,020 

22,317 

5 

16.4  percent 

10,695 

24,281 

^Source:  Monetary  Incentives  Management  Branch,  EPD,  MILPERCEN 


(1)  In  Table  5-1,  a reenlistment  rate  of  9.2X  is  expected 
for  an  SRB  1 and  this  rate  would  increase  to  11.0s,  at  SRB  2;  it 
may  be  inferred  that  included  in  the  11,  at  SRB  2 are  the  9.2'e  v„no 
would  have  reenlisted  at  the  SRB  1 level.  This  inference  is 
based  on  the  premise  that  a soldier  who  is  willing  to  reenlist  tor 
a low  bonus  will  also  reenlist  at  a higher  bonus  level. 
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The  marginal  costs  shown  in  Table  5-1  are  developed  from  the  fol- 
lowing equation: 

Marginal  cost  = 

'Vl  - «n) 

Where  C equals  the  bonus  cost  per  reenlistee  at  bonus  level  n and 
R equals  the  reenlistment  rate  expected  at  bonus  level  n.  Using 
the  reenlistment  rates  and  cost  per  reenlistee  shown  in  Table  5-1 
the  marginal  cost  per  reenlistee  of  changing  SRB  1 to  SRB  2 is 
cal  cul  ated: 


Marginal  cost  = x 0.11  - $2380  x 0.092 

^ 0.ir-^TM2 


Marginal  cost  = - $218.96 

0.018 


Marginal  cost  = $16,099. 


An  increase  of  the  SRB  level  from  1 to  2 therefore  results  in  a 
marginal  cost  of  $16,099  per  additional  reenlistee.  The  high  mar- 
ginal cost  of  providing  additional  reenlistees  through  bonus  in- 
creases might  be  reduced  by  offering  small  bonuses  to  induce 
career-motivated  soldiers  to  reclassify  from  surplus  to  shortage 
MOS.  Used  in  this  manner,  the  bonus  is  redirecting  existing  reen- 
li^stoent  potential  rather  than  attempti  ng~  to  "create  it  within  a” 
limited  and  reluctant  audience.  Furthermore,  every  bonus  payment 
used  to  induce  reclassification  contributes  to  the  resolution  of  a 
surplus  problem  as  well  as  a shortage  problem.  Because  the  bonus 
would  be  paid  only  to  soldiers  who  voluntarily  reclassify,  the 
high  marginal  cost  encountered  by  increasing  the  SRB  level  is  re- 
duced. Figure  5-1  compares  the  cost  of  inducing  reclassification 
by  using  an  SRB  1 compared  to  the  cost  of  increasing  reenlistments 
through  higher  SRB  payments. 
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Number  of  Reenlistments 

Figure  5-1.  Cost  Comparison  between  Induced 
Migration  and  SRB  Increases 

(2)  The  curves  in  Figure  5-1  are  based  on  the  data  of  Table 
5-1.  The  marginal  cost  for  each  reclassification  is  equal  to  the 
SRB  1 cost  because  the  SRB  would  be  paid  only  to  those  soldiers 
who  reclassify.  The  marginal  cost  for  increasing  the  SRB  level 
for  those  already  qualified  in  the  MOS  is  as  shown  in  Table  6-1. 
If  the  shortage  MOS  required  no  additional  training,  the  cost 
avoidance  as  a result  of  reel assi fication  is  the  difference  be- 
tween the  curves.  If  training  is  required,  then  the  inducement 
SRB  plus  the  variable  cost  of  training  must  be  less  than  the  mar- 
ginal cost  of  increasing  the  SRB  within  the  MOS  to  justify  the 
inducement  bonus  on  a strict  cost  avoidance  basis.  There  are, 
however,  circumstances  when  it  may  be  i nappropri ate  to  include 
training  costs  in  calculating  the  true  cost  avoidance.  The  Aniiy 
currently  permits  potential  reenlistees  to  reenlist  for  any  other 
MOS  which  is  either  balanced  or  short.  This  option  is  actively 
supported  by  MILPERCEN  to  encourage  flow  from  surplus  MOS.  but  as 
currently  administered,  MILPERCEN  cannot  influence  the  flow  into 
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the  MOS  most  seriously  short.  MOS  managers  are  willing  to  incur 
additional  training  costs  at  reenl  i stment  as  a general  reenlist- 
ment incentive  and  manage  the  program  only  in  terms  of  reducing 
the  strength  of  surplus  MOS;  from  this  viewpoint,  training  costs 
could  be  regarded  as  sunk  costs  and  the  cost  differential  of  Fig- 
ure 5-1  can  be  applied  as  the  true  cost  savings  of  induced 
reenlistment  from  surplus  to  the  shortage  MOS.  If  authorized,  the 
inducement  bonus  should  be  restricted  to  permit  flow  only  from 
surplus  to  shortage  MOS.  Reenlistment  into  a shortage  MOS  from 
balanced  or  other  shortage  MOS  could  continue  under  current  poli- 
cies, but  the  use  of  an  inducement  bonus  for  such  reclassifica- 
tions can  not  be  considered  cost  effective  and  should  probably  be 
d1 scouraged. 

b , Advantages  of  an  Inducement  Bonus  over  Mandatory  Reclassi - 
fication.  The  Army,  selectively,  can  deny  reent i stment  to  sol- 
diers in  surplus  MOS  or  mandatorily  reclassify  Individuals  within 
surplus  MOS  who  have  not  completed  their  enlistment  or  reenlist- 
ment terms  of  service.  Mandatory  reclassification  may  be  unavoid- 
able when  changes  in  the  force  structure  create  large  and  sudden 
MOS  imbalance.  Mandatory  reclassi fication  could  be  used  in  lieu 
of  an  inducement  bonus;  however,  there  is  a potential  for  in- 
creased turbulence  within  the  force  as  well  as  the  negative  ef- 
fects on  morale  and  efficiency  of  soldiers  who  are  involuntarily 
reclassified.  Figure  5-2  illustrates  reclassi  ficatior,  prior  to 
reenlistment  where  individuals  in  surplus  MOS  A are  involuntarily 
reclassified  to  a shortage  MOS  B,  perhaps  requiring  additional 
training.  Because  the  Army  currently  authorizes  reenlistment  from 
any  MOS  to  any  other  MOS  which  is  either  balanced  or  short,  the 
potential  is  high  for  those  involuntarily  reclassified  to  reenlist 
out  of  the  shortage  MOS  and  into  a balanced  MOS,  in  Figure  5-2, 

MOS  C.  The  implication  is  that  reclassification  should  take  place 
after  reenlistment  when  additional  changes  of  MOS  are  not  possi- 
ble. Figure  5-3  shows  the  reclassi  fication  process  taking  place 
after  reenlistment  where  again  MOS  A is  surplus  prior  to  reenlist- 
ment and  MOS  B is  short.  Currently,  in  managing  the  reenl  i sbnent 
process,  MILPERCEN  and  the  career  counselers  in  the  field  encour- 
age reenlistments  out  of  the  surplus  MOS.  In  Figure  5-3  this  flow 
is  represented  (solid  line)  as  going  to  MOS  C through  MOS  Z.  When 
the  reenlistment  process  is  complete,  the  reclassification  process 
(solid  line)  is  then  used  to  correct  the  shortfall  in  MOS  B.  The 
net  flow  after  both  reenl  i stnent  and  reclassification  may  have 
been  a flow  from  MOS  A to  MOS  B,  but  because  managers  are  unable 
to  direct  flow  from  the  surplus  MOS  to  the  shortage  MUS  at  the 
time  of  reenlistment,  additional  changes  of  MOS  with  resulting 
training  are  unavoidable.  The  option  of  an  inducement  bonus,  as 
shown  by  the  dotted  lines  in  Figure  5-3,  provides  a means  tor  in- 
fluencing this  flow  at  the  time  of  reenlistment. 
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c.  Reclassification  Training.  The  Army's  current  method  of 
allocating  school  spaces  gives  priority  to  accessions  and  may  pre- 
clude effective  operation  of  an  inducement  bonus  program.  The 
required  number  of  school  spaces  for  an  MOS  is  established  based 
on  a total  projected  shortfall  (first  term  and  career  forces)  in 
the  MOS.  These  school  spaces  are  entered  into  the  Recruit  Quota 
System  (REQUEST),*  for  use  by  the  Recruiting  Command.  The  REQUEST 
System  allows  Army  recruiters  to  reserve  school  spaces  by  name  for 
accessions  to  the  Army.  Because  of  priority  accorded  to  the  ac- 
cession program,  some  of  these  schools  are  fully  subscribed  by  new 
accessions  several  months  in  advance,  even  though  the  justifica- 
tion for  some  of  those  spaces  may  have  been  predicated  on  the 
needs  of  the  career  force.  The  potential  reenlistee  in  this  case 
is  effectively  denied  reenl i stment  in  the  shortage  MOS  because  the 
Army  is  not  capable  of  qualifying  the  individual  in  the  new  MOS 
within  a reasonable  time.  There  are  currently  no  provisions  to 
"fence"  school  spaces  for  the  active  Army.  Before  considering 
induced  reclassification  as  an  alternative  to  the  SRB,  the  Army's 
policies  on  allocation  of  school  spaces  should  be  reviewed. 

5-3.  THE  CONUS-TO-CONUS  STATION  OF  CHOICE  REENLISTWENT  OPTION. 
This  option  was  eliminated  by  the  Army  in  April  1975,  primarily  to 
reduce  the  Army's  requirement  for  permanent  change  of  station 
(PCS)  funds  and  to  stabilize  job  assignments.  While  elimination 
of  this  option  may  have  been  successful  in  eliminating  PCS  obliga- 
tions directly  associated  with  this  option,  it  may  have  resulted 
in  increased  accession  costs  and/or  replaced  the  stabilization 
problem  with  a shortage  problem. 


‘Request  System  Guide  July  1974,  Enlisted  Personnel  Management 
Directorate,  Enlisted  Training  Division  (Request  Project  Office), 
MILPERCEN. 
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The  effect  of  the  Station  of  Choice  Option.  In  Figure  5-4, 
Case  I illustrates  the  station  of  choice  reenl i stment  option.  An 
individual  assigned  at  "A"  desired  to  reenlist  for  a vacancy  at 
"B"  as  shown  by  the  dotted  line,  and  is  permitted  to  do  so  result- 
ing in  two  PCS  moves  shown  by  the  solid  lines;  an  operational  PCS 
to  move  the  individual  from  "A"  to  “B"  and  a PCS  move  (accession 
or  operational)  from  some  external  source  "S"  to  "A".  Ideally, 
elimination  of  the  station  of  choice  option  would  result  in  Case 
II  where  the  individual  at  "A",  denied  "B",  would  reenlist  for  his 
own  vacancy  resulting  in  only  one  PCS  move--from  "S"  to  "B“.  How- 
ever, Case  II  is  not  the  only  possible  outcome  from  elimination  of 
this  option.  Case  III  results  in  three  PCS  moves  when  the  indi- 
vidual at  "A"  refuses  to  reenlist  at  all--a  separation  PCS  results 
and  vacancies  must  be  filled  at  both  "A"  and  "B";  Attempts  to 
quantify  the  effect  of  the  CONUS-to-CONUS  station  of  choice  option 
were  unsuccessful  due  to  the  lack  of  complete  cohort  files  cover- 
ing the  period  when  the  option  was  eliminated.  Attempts  to  esti- 
mate the  effect  of  the  option  from  ODCSPER  aggregated  data  were 
also  unsuccessful  because  of  multiple  policy  changes.  At  the  end 
of  March  1975,  the  CONUS-to-CONUS  station  of  choice  option  was 
eliminated  and  the  reenl i stment  eligibility  zone  simultaneously 
was  changed  from  21  months  of  service  to  within  90  days  of  Expira- 
tion of  Term  of  Service  (ETS).  In  mid-May  1975,  reenlistment  eli- 
gibility was  restricted  to  30  days  prior  to  ETS  for  bonus  recipi- 
ents, Effective  1 July  75,  15  days  lost  time  (e.g.,  absent  with- 
out leave)  constituted  an  unwaiverable  bar  to  reenlistment.  On  1 
Aug  75,  controls  were  imposed  on  the  reenlistment  of  non-high 
school  graduates  and  individuals  who  had  scored  less  than  100  on 
MOS  proficiency  tests.  The  expectation  was  that  these  policies 
would  depress  the  reenlistment  rate.  In  March  1975,  ODCSPER  re- 
ported a Regular  Army  first  term  unadjusted  reenlistment  rate  (re- 
enlistments divided  by  total  separations)  of  55. BX;  by  June  that 
rate  had  fallen  to  17. 3X  and  by  September  had  reached  a low  ot 
10. 6X.*  The  compound  effects  of  the  several  personnel  policy 
changes  precluded  isolation  of  the  effect  of  eliminating  the  sta- 
tion of  choice  option,  ODCSPER  is  currently  planning  to  restore 
this  option  on  a test  basis  under  statistical  control  to  determine 
the  effect  of  the  option  on  reenlistment  propensities.  This  wil 
permit  a full  comparison  of  ^his  option  with  the  SRB. 


*0DCSPEP  Monthly  Reenlistment  Rate  Reports,  RCS  uDM-850. 
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Figure  5-4.  PCS  Alternatives 


b.  Cost.  The  CONUS-to-CONUS  station  of  choice  option  can  be 
shown  to  be  a cost  effective  alternative  to  the  SRB  even  in  the 
absence  of  specific  data  on  the  effect  of  the  option.  The  Office 
of  the  Director  of  Plans,  Programs  and  Budget,  ODCSPER,  currently 
estimates  that  a PCS  within  CONUS  for  an  individual  in  grade  E4  or 
E5  costs  $120  without  dependents  and  $909  with  dependents.  If  an 
MOS  is  critically  short  at  the  SRB  1 level  and  an  increase  to  SRB 
2 is  contemplated,  the  individuals  in  the  MOS  could  be  offered  a 
choice  of  the  SRB  2 or  the  SRB  1 with  station  of  choice.  From 
Table  5-1,  the  average  SRB  1 costs  $2380  per  reenlistee.  The  SRB 
1 payment  plus  the  $909  PCS  cost  for  an  E4  or  E5  totals  $3,289 
which  is  less  than  the  average  cost  of  $4,625  which  would  be  paid 
at  the  SRB  2 level.  By  offering  the  potential  reenlistee  this 
choice  of  options  (station  of  choice  plus  SRB  1,  or  an  SRB  2 or 
higher),  the  Army  is  assured  at  least  the  reenlistment  rate  that 
would  be  achieved  by  simply  raising  the  SRB  level.  For  each  indi- 
vidual who  accepted  the  station  of  choice  option  at  the  reduced 
bonus  level  a net  savings  of  $1,336  could  be  realized  if  the  reen- 
listee had  dependents  and  $2,125  could  be  saved  for  each  reenlistee 
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without  dependents.  While  the  CONUS-to-CONUS  option  can  be  justi- 
fied on  a strict  cost  avoidance  basis,  other  factors  cannot  be 
quantified.  Stabil ization  commitments  for  reenlistees  who  have 
accepted  this  option  may  conflict  with  overseas  rotation  require- 
ments. This  is  a consideration  left  to  the  decision  maker  for 
subjective  evaluation.  The  CONUS-to-CONUS  station  of  choice  op- 
tion, when  used  as  a reenlistment  incentive,  can  accomplish  a 
twofold  purpose:  it  can  stimulate  a reenlistment  in  a soldier  who 

might  otherwise  separate;  and  it  can  serve  to  fill  a requirement 
at  the  soldier's  station  of  choice.  Accordingly,  this  option,  by 
synthesizing  the  needs  of  the  service  with  the  desires  of  the  sol- 
dier, provides  a powerful  and  effective  alternative  to  high  SRB 
payments.  This  option  should,  however,  be  restricted  to  those 
soldiers  who  are  serving  in  shortage  MOS  and  applied  to  stations 
where  vacancies  exist  in  that  MOS.  Proliferation  of  this  policy 
to  all  soldiers  could  stimulate  soldiers  in  surplus  or  balanced 
MOS  to  request  new  duty  stations  when  otherwise  content  to  remain 
at  their  present  duty  station  thereby  diminishing  the  effective- 
ness of  the  option  in  terms  of  cost  and  Army  operational  require- 
ments. 


5-4.  SUMMARY.  The  preceding  discussions  have  presented  empirical 
arguments  for  using  alternative  reenlistment  incentives  in  lieu  of 
high  SRB  payments.  At  the  present  time,  data  limitations  require 
that  these  assessments  be  substituted  for  quantified  estimates  of 
each  policy's  effect  on  reenlistment  (see  Appendix  C).  Empiri- 
cally, induced  reclassification  and  CONUS-to-CONUS  station  of 
choice  option  have  been  shown  cost  effective.  These  options  can 
be  used  by  the  bonus  manager  as  additional  tools  to  influence  re- 
enlistment decisions.  Induced  reclassification  redirects  existing 
reenlistment  potential  within  surplus  MOS  to  shortage  MOS.  The 
CONUS-to-CONUS  station  of  choice  option,  by  substituting  a geo- 
graphical inducement  for  a monetary  inducement,  has  the  potential 
of  attracting  soldiers  indifferent  to  monetary  incentives.  The 
demonstrated  cost  effectiveness  and  utility  of  these  alternatives 
are,  however,  based  on  their  use  as  a substitute  for  high  SRB  pay- 
ments. Accordingly,  like  the  SRB,  these  options  should  be  used 
for  resolving  MOS  imbalance.  Non-sel ective  use  of  these  incen- 
tives could  encourage  soldiers  to  remain  in  surplus  MOS  or  to 
leave  balanced  or  short  MOS;  this  would  obviate  the  cost  effec- 
tiveness of  the  alternatives. 
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CHAPTER  6 
OBSERVATIONS 


6-1.  INTRODUCTION.  The  Cost  Effectiveness  Analysis  of  Bonuses 
and  Reenlistment  Polices  (CEABREP)  Study  developed  a methodology 
and  system  design  for  an  automated  system  to  enable  bonus  managers 
to  assess  the  potential  costs  and  effectiveness  of  bonuses  and 
bonus  policies.  Portions  of  the  CEABREP  system  were  used  to  ana- 
lyze and  quantify  factors  which  influenced  the  reelistment 
behavior  of  FY  71  accessions  to  the  Arn\y. 

6-2.  ESSENTIAL  ELEMENTS  OF  ANALYSIS.  The  EEA  specified  in  the 
tasking  directive  are  discussed  below. 

a.  What  are  the  factors  influencing  reenlistment?  Can  this 
influence  be  quantified?  The  most  important  factors  influencing 
the  reenlistment  behavior  of  FY  71  accessions  were  race,  educa- 
tion, pay  grade,  and  the  number  of  dependents.  Estimating  rela- 
tionships were  derived  to  predict  reenlistment  as  a function  of 
these  variables  and  the  SRB.  These  estimating  relationships  are 
in  Chapter  4,  Development  and  Analysis  of  Reenlistment  Factors. 

b.  Does  the  enlistment  bonus,  when  used  in  conjunction  with 
SRB,  become  a lower  cost  method  of  providing  fill  to  an  MOS?  If 
so,  what  SRB  levels  This  EEA  could  not  be  addressed  during  the 
study  because  of  data  limitations  discussed  in  Chapter  1,  Intro- 
duction, and  Chapter  2,  Methodology.  Only  the  FY  71  cohort  file 
was  available  and  the  enlistment  bonus  was  not  offered  in  FY  71. 

c.  Are  there  other  cost  alternatives  that  could  be  used  in 
lieu  of  or  in  conjunction  with  the  SRB  to  provide  fill  to  MOS? 

Yes.  Specific  examples  include  restoration  of  the  CONUS-to-CONUS 
station  of  choice  reenlistment  option  and  induced  reclassification 
whereby  soldiers  in  surplus  MOS  are  encouraged  to  reenlist  for 
shortage  MOS.  These  alternatives  were  shown  to  be  cost  effective 
at  the  MOS  level,  but  were  not  recommended  as  general  reenlistment 
inducements.  These  alternatives  are  discussed  in  Chapter  5,  Bonus 
Alternatives. 

6-3.  OBSERVATIONS.  The  major  observations  resulting  from  this 
study  of  the  reenlistment  process  are  as  follows: 

a.  Reenlistment  factors  can  be  developed  and  quantified  using 
historical  reenlistment  data.  These  factors  can  be  used  to  pro- 
vide a comprehensive  view  of  reenlistment  behavior.  Observations 
relevant  to  three-  and  four-year  enlistees  of  the  FY  71  cohort 
are: 


6-1 


CAA-SR-77-10 


(1)  The  most  significant  variables  as  predictors  of  reen- 
listment behavior  for  FY  71  accessions  were:  race,  education,  pay 

grade  and  the  number  of  dependents. 

(2)  The  best  single  discriminator  of  reenlistment  behavior 
is  race.  The  Black  racial  group  reenlisted  at  a rate  approxi- 
mately double  the  rate  of  Whites  and  Others  at  all  SRB  levels. 

(3)  Within  the  education  category.  General  Education  Devel- 
opment (GED)  high  school  graduates  exhibited  the  highest  reenlist- 
ment rate  and  those  with  some  education  beyond  high  school  demon- 
strated the  lowest  propensity  to  reenlist.  At  the  SRB  1 level, 
high  school  diploma  graduates  reenlisted  at  a slightly  higher  rate 
than  non-high  school  graduates;  however,  high  school  diploma 
graduates  were  influenced  by  increased  bonus  levels  to  a greater 
extent  than  non-high  school  graduates. 

(4)  Soldiers  in  pay  grades  E-4  and  above  consistently  dis- 
played higher  reenlistment  rates  than  individuals  in  pay  grades 
E1-E3.  Those  in  pay  grades  E1-E3  had  low  reenlistment  rates  at 
the  SRB  1 level  compared  to  soldiers  in  grade  E4  and  above,  and 
little  improvement  was  noted  as  the  bonus  level  increased. 

(5)  At  the  SRB  1 level,  the  difference  in  the  responses  of 
soldiers  with  dependents  and  those  without  dependents  was  not  sig- 
nificant. As  the  bonus  level  was  increased.  Individuals  with  de- 
pendents exhibited  higher  reenlistment  propensities  than  those 
without  dependents. 

(6)  The  general  trends  in  reenlistment  which  emerge  when 
viewing  the  four  retention  factors  (race,  education,  pay  grade, 
number  of  dependents)  both  in  concert  and  in  isolation  reinforce 
the  need  to  view  the  attributes  of  the  soldier  in  more  than  one 
dimension.  The  multidimensional  view  permits  improved  estimates 
of  the  kind  of  soldier  the  Army  will  attract  with  an  incentive 
policy  and  where,  if  possible,  to  focus  that  policy. 

b.  Force  projections  at  the  MOS/grade/year  of  service  level  of 
detail  can  be  improved  using  MOS-unique  continuation  rates  devel- 
oped for  the  CEABREP  system. 

c.  There  are  cost  effective  alternatives  to  high  SRB  levels. 
These  alternatives  can  provide  flexibility  to  managers  and  appeal 
to  a wider  spectrum  of  potential  reenlistees.  Such  alternatives 
should  be  used  to  alleviate  imbalances  in  MOS  and  should  not  be 
used  as  general  reenlistment  inducements. 
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d.  Implementation  of  the  CEABREP  system  would  provide  the  po- 
tential for  Improved  management  of  the  Incentives  program  through 
the  use  of  automation.  The  system  would  provide  the  capability  of 
analyzing  reenlistment  in  terms  of  policies,  monetary  incentives, 
and  exogenous  influences  which  cumulatively  constitute  the  reen- 
listment environment. 

(1)  The  data  base  to  support  the  CEABREP  system  design  does 
not  currently  exist.  Implementation  of  the  CEABREP  system  would 
require  that  MILPERCEN  collect  demographic  data  on  accession  co- 
horts, Institute  data  quality  assurance  procedures,  and  maintain 
data  spanning  at  least  five  years. 

(2)  The  data  base  acquired  to  support  the  CEABREP  system 
would  provide  a source  of  data  to  support  other  Category  1 Man- 
power/Personnel studies  dealing  with  the  demographic  characteris- 
tics of  Ariny  enlisted  personnel. 
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APPENDIX  C 

DEVELOPMENT  OF  THE  CEABREP  SYSTEM 


C-1.  OVERVIEW  OF  THE  CEABREP  SYSTEM.  This  appendix  develops  the 
complete  automated  CEABREP  system  which  could  not  be  implemented 
because  of  data  limitations.  The  complete  macro-level  ADP  system 
design  shown  in  Figure  C-1  uses  the  existing  Personnel  Inventory 
Analysis/Year  of  Service  Model  (PIA/YOS)  as  a major  component.  As 
a first  step  in  applying  the  methodology,  force  projection  accu- 
racy is  improved  by  using  MOS-unique  continuation  rates.  (See 
Chapter  3.)  Costs  of  the  SRB  at  all  levels  and  policies  currently 
in  effect  are  obtained  and  applied  on  a per  man  basis.  The  compo- 
nents of  cost  and  the  force  projection  provide  the  capability  of 
assessing  the  current  force  in  terms  of  MOS  fill  and  cost.  If  the 
manager  considers  the  degree  of  fill  to  be  inadequate  or  the  cost 
too  high,  the  capability  is  provided  to  evaluate  the  historical 
effects  of  bonuses  and  policies  to  formulate  new  alternatives.  If 
the  alternative  involves  implementation  of  a policy  or  an  increase 
in  a bonus  level,  such  data  must  be  quantified  in  terms  of  contin- 
uation rates  by  MOS,  grade,  and  year  of  service  for  input  to  the 
model;  the  model  then  projects  the  force  as  it  would  appear  under 
revised  inducement  policies.  Total  cost  can  then  be  developed  for 
these  new  policies  and  the  process  continued  until  a policy  set  is 
developed  which  satisfies  cost  and  force  constraints.  Within  this 
appendix,  a narrative  description  of  the  various  operations  is 
given  to  explain  the  system  logic.  Each  narrative  description  is 
supported  by  a series  of  "Hierarchical  Input-Process-Output 
(HIPO)"  flow  diagrams  with  extended  narrative  to  support  program- 
ing. 

C-2.  DATA  REQUIREMENTS.  The  CEABREP  methodology  requires  the  use 
of  two  primary  data  sets.  The  first  of  these  data  sets  consists 
of  series  of  accession  cohort  files  which  provide  demographic  data 
on  each  soldier  who  entered  the  service  during  a five-year  period. 
The  accession  cohort  files  provide  the  basis  for  developing  con- 
tinuation rates  from  the  initial  enlistment  period  into  the  career 
force.  These  rates  are  functions  of  Army  policies,  demographic 
data,  and  exogenous  influences  such  as  unemployment.  The  second 
data  set  consists  of  historical  strength  data  used  to  estimate 
continuation  after  the  first  reenlistment.  This  historical  data, 
taken  from  the  OOCSPER  411  Report,  provides  the  information  re- 
quired for  the  derivation  of  MOS-unique  continuation  rates  dis- 
cussed in  Chapter  3.  The  remainder  of  this  appendix  will  show  how 
the  data  sets  are  used  in  conjunction  with  other  models  within  the 
CEABREP  system  to  provide  the  manager  insights  into  the  reenlist- 
ment environment. 
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C-3.  THE  STRUCTURE  OF  THE  COHORT  FILES.  The  primary  data  ele- 
ments used  by  MILPERCEN  are  frequently  coded  to  reduce  record 
sizes  (e.g.,  code  E denotes  high  school  diploma  graduate).  While 
this  coding  may  be  useful  from  a data  processing  standpoint,  the 
technique  introduces  inefficiencies  in  historical  files  because  of 
frequent  changes  in  codes.  To  avoid  the  problem  of  updating  the 
cohort  files  as  regulations  change  and  to  facilitate  subsequent 
use  of  the  files,  all  entries  are  required  to  be  numeric  with  an 
external  master  list  to  map  the  codes  to  their  meanings.  Actual 
cohort  files  are  not  maintained  within  the  CEABREP  data  base;  a 
precohort  data  base  is  maintained  in  third  normal  form*  and  re- 
quired cohort  files  are  constructed  as  needed.  Structuring  the 
cohort  files  when  they  are  needed  allows  annual  files  to  be  pro- 
duced without  being  restricted  to  artificial  limitations  such  as 
fiscal  years.  The  record  format  within  the  precohc't  data  base  is 
shown  in  Table  C-1.  As  an  example  of  the  flexibility  of  the  data 
base,  the  FY  74  accession  cohort  could  be  constructed  by  selecting 
those  social  security  number  records  from  the  basic  record  set 
with  first  transaction  dates  occurring  between  1 July  73  and  30 
June  74.  Given  the  SSAN  keys  from  the  basic  records,  transaction 
record  data  can  be  added  to  complete  the  file.  For  data  process- 
ing efficiency  the  cohort  files  are  ordered  by  MOS.  The  data  base 
structure  permits  cohort  files  to  be  constructed  by  calendar  year 
or  any  other  cutoff  date;  however,  because  the  remainder  of  this 
report  deals  with  fiscal  year  cohort  files,  the  examples  of  this 
chapter  will  also  use  fiscal  year  cohort  files  and  assume  the  ex- 
istence of  the  FY  72  to  FY  76  files. 

C-4.  DETERMINATION  OF  SUBPOPULATION  CHARACTERISTICS.  A premise 
of  the  CEABREP  methodology  is  that  reenlistment  behavior  can  be 
estimated  as  a function  of  certain  demographic  characteristics  of 
the  eligible  population.  The  precohort  data  base  structure  of 
Taole  C-1  lists  31  candidate  variables  which  could  be  used  to  de- 
fine more  homogenous  subgroupings  of  the  population  according  to 
reenlistment  behavior.  While  all  31  variables  may  provide  insight 
on  reenlistment,  there  are  too  many  possible  combinations  to  per- 
mit exhaustive  sets  of  estimating  relationships  to  be  formed.  As 
described  in  Chapter  4,  the  techniques  used  to  estimate  reenlist- 
ment as  a function  of  the  SRB  level  require  that  the  force  be  de- 
fined in  four  or  at  most  five  dimensions. 


*A  file  of  records  is  said  to  be  in  third  normal  form  if  the 
key  for  each  record  is  unique  and  if  all  non-key  elements  of  a 
record  are  dependent  on  the  key  and  independent  of  each  other. 
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Table  C-1.  The  Pre-Cohort  Data  Base  Structure 


Base  Record^ 

Transaction  Record^ 

1. 

Social  Security  Account 

1. 

Social  Security  Account  Num- 

Number  - key 

ber  - key 

2. 

First  Transaction  Date 

2. 

Transaction  Date  - key 

3. 

Age  at  Enlistment 

3. 

Transaction  Code 

4. 

Enlistment  Term  of  Service 

4. 

Education 

5. 

Enlisted/Drafted  Status 

5. 

Primary  MOS 

6. 

Lottery  Number 

6. 

MOS  Score 

7. 

Race 

7. 

Duty  MOS 

8. 

Mental  Category 

8. 

Pay  Grade 

9. 

Sex 

9. 

SRB  Level  Paid  or  Eligible  a; 

Separation 

10. 

Enlistment  Option 

10. 

Marital  Status 

11. 

Training  Committment 

11. 

Number  of  Dependents 

12. 

State  (Home  of  Record) 

12. 

Assignment  Code 

13. 

Recruiting  Main  Station 

13. 

Location  Code 

14. 

AQB/ACB  Test  Scores 

14. 

Reenlistment  Option 

^One  Basic  Record  per  Social  Security  fiumber. 
^Mult’ple  Records  per  Social  Security  ''iumber. 
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a.  The  Automatic  Interaction  Detector  111  (AID  III)  Model  is 
used  to  reduce  the  31  candidate  predictor  variaoles  by  selecting 
the  four  or  five  variables  that  provide  the  most  discrimination. 
The  use  of  the  AID  III  Model  is  shown  in  Figure  C-2.  In  this  ex- 
ample (and  the  rest  of  the  examples  in  this  appendix)  the  Fv  72-FY 
76  accession  cohorts  will  be  used  to  predict  the  FY  77  population. 
Of  those  entering  service  in  FY  73,  three-year  enlistees  must  have 
reenlisted,  extended  or  separatee  during  or  prior  to  the  era  of  f^Y 
76.  Three-year  enlistees  of  the  74  cohort  would  not  be  required 
to  make  a decision  until  FY  77  even  though  some  may  have  reen- 
listed or  extended  prior  to  their  Expiration  of  Term  of  Service 
(ETS)  date.  Thus,  the  FY  73  cohort  provides  the  most  recent 
available  information  on  the  reenlistment  behavior  of  three-year 
enlistees  and  tnat  data  is  used  to  determine  the  set  of  variables 
exerting  the  most  influence  on  reenlistment  of  three-year  enlis- 
tees. 

b.  Two  actions  are  necessary  in  preprocessing  the  FY  73  ^ile 
oefore  the  AID  Model  is  used.  First,  the  records  of  four-year 
enlistees  must  be  removed  from  the  data  set  because  their  reen- 
listment  decision  is  not  forced  until  FY  77,  and  secondly,  the 
three-year  enlistee  records  must  be  stratified  according  to  the 
SR6  which  was  paid  at  reenlistment  or  for  which  they  were  eligible 
at  the  time  of  separation.  The  SRB  strati fication  is  necessary 
because  the  SRB  is  used  selectively  (i.e.,  at  MOS  level);  i ‘ not 
stratified,  tne  SRB  itself  could  become  a factor  determining  tne 
suopopul ation  definition  rather  than  a factor  which  influences  a 
subpopulation.  Each  of  the  stratified  sets  is  then  input  to  tne 
AID  Model  according  to  a problem  definition  oecx  wnich  revises  the 
data  as  necessary  to  conform  to  AID  requirements.  The  AID  *^0061 
will  accept  a maximum  of  31  classes  per  variable  wnich  may  require 
that  certain  variables  such  as  MOS  be  grouped.  This  grouping  can 
be  accomplished  internally  as  part  of  tne  problem  definition  ae-.x 
as  explained  in  the  AID  III  System  Documentation  (see  Chapter  <i). 
(The  AID  Model  is  inefficient  from  an  I/O  standpoint  and  an  exte' - 
nal  utility  routine  to  accomplish  tne  groupings  may  oe  usef.l.) 

It  is  unlikely  that  the  AID  Model  will  produce  identical  SuCbcpu- 
lations  at  each  level  of  tne  SRB.  This  difference  may  be  ca-seo 
oy  correlation  between  variables  and  random  variation  of  tne  data. 
It  is  possible  tnat  tne  AID  results  could  differ  si  gni  ^^icant  i.v 
between  SRo  levels;  however,  based  on  analysis  of  tne  FY  7^  a^.;es- 
sion  cohort,  tnis  degree  of  variability  is  unlixely.  More  ^-rcc- 
able  is  tnat  the  same  general  set  of  variables  i*ill  appear  at  ail 
SRb  levels  although  perhaps  not  in  the  same  order.  This  **as  the 
case  with  tne  fy  7i  accession  cohort  as  shown  in  Appendix  E.  -’•om 
tne  AID  results  at  all  SRB  levels  a general  set  of  predict-'r  va’-i- 
ables  is  selected  that  defines  subpopul atiens  with  homogenous  re- 
enlistment  behavior.  The  next  step  is  to  develop  MJS  cont”'v.ati on 
rates  for  these  suopopul ati ons . 
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C-5.  DEVELOPING  FIRST  AND  SECOND  YEAR  OF  SERVICE  CONTINUATION 
RATES.  The  FY  75  and  FY  7o  cohorts  are  used  to  determine  first 
year  of  service  continuation  rates.  This  process  is  shown  in 
Figure  C-3. 

a.  Every  FY  75  accession  must  either  have  left  the  Army  or 

entered  tne  second  year  of  service  by  the  end  of  FY  76.  The  tran- 
sition of  the  FY  75  cohort  from  the  first  to  tne  second  year  of 
service  permits  derivation  of  first  year  of  service  continuation 
rates  by  subpopulation.  The  FY  76  accession  cohort  is  structured 
to  be  sorted  by  subpopulations  within  MOS  and  is  then  used  in  con- 
junction with  the  first  year  of  service  continuation  rate  by  suo- 
population  to  derive  continuation  rates  which  are  applicable  at 
the  MOS  level  of  detail.  Transformation  of  the  subpopulation  con- 
tinuation rates  to  MOS  continuation  rates  is  accomplished  in  three 
steps:  first,  the  MOS  is  sorted  by  the  subpopulations  that  com- 

prise the  MOS;  second,  the  percentage  of  each  subpopulation  to  the 
total  MOS  population  is  computed;  third,  a convex  combination  of 
the  subpopulation  continuation  rate  is  formed  using  the  propor- 
tional distribution  of  the  subpopulations  within  the  MOS.  (See 
Table  3-3  for  an  example  of  convex  combination.)  The  convex  com- 
bination provides  the  single  continuation  rate  for  each  MOS  which 
has  been  weighted  according  to  the  current  population  of  the  MOS 
in  the  first  year  of  service. 

b.  The  same  techniques  are  used  but  applied  to  different  data 
sets  to  develop  second  year  of  service  MOS  continuation  rates. 

The  FY  74  cohort  is  stripped  of  first  year  of  service  losses  to 
determine  how  subpopulattions  which  were  in  their  second  year  of 
service  continued  to  the  third  year  of  service.  The  FY  75  cohort 
is  updated  to  the  current  second  year  of  service  force  by  strip- 
ping off  first  year  of  service  losses  from  the  file.  The  subpopu- 
lation  continuation  rates  derived  from  the  FY  74  file  are  then 
applied  to  the  current  force  to  derive  MOS  continuation  rates  for 
the  second  year  of  service  weighted  according  to  the  characteris- 
tics of  the  people  in  each  MOS. 
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C-6.  DERIVATION  OF  THIRD  YEAR  OF  SERVICE  CONTINUATION  RATES. 
Derivation  of  continuation  rates  for  the  third  year  of  service  is 
complicated  by  the  reenlistment  process  for  three-year  accessions 
compounded  by  normal  continuation  of  the  four-year  accessions  who 
are  continuing  under  their  normal  enlistment  terms  of  service. 

This  combination  of  effects  requires  data  from  the  FY  73  cohort  to 
be  divided  by  enlistment  obligation. 

a.  Figure  C-4  illustrates  the  computation  of  continuation 
rates  for  the  third  year  of  service  using  the  FY  73  and  FY  74  ac- 
cession cohorts.  This  figure  is  in  two  parts,  A and  B.  Part  A 
illustrates  the  method  used  to  compute  reenlistment  estimates  for 
three-year  accessions.  The  three-year  enlistment  records  are 
first  extracted  from  the  cohort  file.  These  records  are  then 
sorted  by  subpopulation  and  stratified  by  SRB.  Count  data  on  the 
number  of  reenlistments  and  separations  are  accumulated  for  each 
SRB  level  for  each  subpopulation.  If  the  subpopulation  has  100  or 
more  total  reenlistments  ana  separations  for  at  least  three  SRB 
levels,  weighted  linear  regression  is  used  to  provide  an  estimate 
of  continuation  as  a function  of  the  SRB  (see  Chapter  4,  paragraph 
4-3).  If  the  above  criterion  is  not  satisfied,  a joint  probabil- 
ity distribution  function  is  constructed  from  the  marginal  distri- 
butions (see  Chapter  4,  paragraph  4-3).  A separate  or  marginal 
distribution  is  computed  for  each  class  of  the  variables  defining 
subpopulations.  For  example,  if  one  variable  that  defines  the 
subpopulations  is  race,  count  data  is  summed  over  all  other  vari- 
ables to  provide  estimates  of  reenlistment  as  a function  of  the 
SRB  and  race.  If  a second  variable  that  defines  subpopulations  is 
education,  the  count  data  is  summed  over  all  other  variables  (in- 
cluding race)  to  provide  an  estimate  of  reenlistment  as  a function 
of  the  SRB  and  education.  When  all  of  the  marginal  distributions 
have  been  constructed,  one  joint  probability  distribution  function 
is  computed  using  constants  of  proportional i ty . This  technique 
was  used  in  analysis  of  the  FY  71  cohort  and  an  example  of  tne  use 
of  the  technique  is  explained  in  Chapter  4. 

b.  Having  described  reenlistment  behavior  as  a function  of  the 
subpopulations  and  the  SRB,  the  next  requirement  is  to  adjust 
these  estimates  on  the  basis  of  projected  values  of  exogenous 
variables  and  policy  decisions.  This  adjustment  involves  a two 
step  process.  The  first  step  is  to  determine  the  effect  of  the 
exogenous  variables  in  isolation.  The  secona  step  is  to  aojust  tne 
SRB  estimates  to  compensate  for  expected  changes  in  the  values  of 
the  exogenous  influences.  Time-lagged  linear  regression  is  enn- 
ployed  on  subpopulation  data  to  estimate  the  effects  of  the  exoge- 
nous and  policy  variables  on  real  time  reenlistments  for  the  most 
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recent  12-month  period.*  Because  of  early  reenlistments,  bet'  tne 
FY  73  and  FY  74  cohorts  must  be  used  to  insure  that  all  ree'l'st- 
ments  taking  place  in  a month  are  included.  When  the  lag  *ime  has 
been  determined,  average  values  of  the  exogenous  variables  which 
affected  the  FY  73  Cohort  can  be  computed.  The  FY  73  cohort  was 
used  to  develop  the  SRB  estimates  and  the  average  values  in  effect 
when  those  estimates  were  made  provide  a baseline  for  adjustments. 
These  average  values  are  computed  based  on  when  the  separation  and 
reenlistment  transactions  of  the  FY  73  cohort  took  place.  For 
example,  if  10  transactions  took  place  when  the  unemployment  rate 
was  8 percent  and  20  transactions  took  place  when  unemployment  was 
9 percent,  the  average  value  for  unemployment  would  be: 

(.08)(10)  + (.09)120)  = .087 
30 

On  completing  time-lagged  regression,  the  FY  74  three-year  records 
are  stripped  of  loss  records  and  sorted  by  MOS.  With  user-speci- 
fied estimates  for  the  values  of  exogenous  variables,  sets  of  re- 
enlistment rates  are  computed;  these  rates  are  computed  by  adjust- 
ing the  SRB-subpopulation  estimates  according  to  the  changes  in 
the  values  of  the  exogenous  variables  from  the  average  value  in 
effect  when  the  SRB  subpopulation  estimates  were  made.  The  time- 
lagged  linear  regression  indicates  the  amount  and  the  direction  of 
adjustment  (e.g.,  an  expected  one  percent  increase  in  unempioyinent 
may  portend  a two  percent  increase  in  reenlistment  rates  fo*'  a 
certain  subpopulation).  A set  of  rates  is  required  to  provide  the 
capability  of  evaluating  alternative  policies  that  are  within  the 
manager's  span  of  control.  For  example,  one  group  of  SRB  rates 
could  apply  to  a subpopulation  in  the  absence  of  the  CONUS-to-COKUS 
station  of  choice  reenlistment  option,  and  another  group  of  rates 
might  apply  when  the  option  was  made  available. 


*To  test  the  appropriateness  of  using  time-lagged  regression, 
the  technique  was  used  on  aggregated  reenlistment  data  collected 
by  OUeSPER  and  unemployment  rates  for  males  aged  2U  to  24.  In 
this  test,  reenlistment  data  lagged  the  unemployment  rate  tv 
months  in  time;  the  results  of  the  test  rejected  independence  of 
the  two  variables  at  the  U.UUl  level  of  significance. 
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Figure  C-4  (Part  B),  Computing  Third  Year  os  Service 
Continuation  Rate 
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c.  The  next  step  in  computing  third  year  of  service  continua- 
tion rates  is  to  calculate  continuation  rates  for  four-year  enlis- 
tees who  are  not  in  the  reenl i stment  eligible  zone.  As  shown  in 
part  B of  Figure  C-4,  this  process  is  equivalent  to  the  method 
used  in  calculating  continuation  rates  for  the  first  and  second 
years  of  service.  The  final  step  in  the  process  is  to  combine  the 
three-year  enlistment/reenli stment  rate  and  the  four-year  enlist- 
ment continuation  rate  into  a single  rate  applicable  to  the  third 
year  of  service.  This  is  done  at  the  MOS  level  by  forming  convex 
combinations  of  the  continuation  rates  according  to  the  mix  of 
enlistment  obligations,  that  is,  three-  and  four-year  enlistees 
within  the  MOS. 

C-7.  DERIVATION  OF  FOURTH  YEAR  OF  SERVICE  CONTINUATION  RATES. 
Derivation  of  continuation  rates  applicable  to  the  fourth  year  of 
service  involves  the  same  methods  used  for  the  third  year  of  ser- 
vice. For  the  fourth  year  of  service  it  is  the  four-year  enlistee 
who  must  reenlist  while  the  three-year  enlistee  (who  has  already 
reenlisted)  simply  continues  in  service.  The  algorithms  used  to 
calculate  reenlistment  rates  for  three-year  enlistees  can  be  used 
for  four-year  enlistees  by  extracting  four-year  enlistee  records 
from  the  FY  72  file  and  stripping  out  losses  which  took  place  dur- 
ing the  first  three  years  of  service.  Similarly,  an  extract  of 
three-year  enlistee  records  can  be  used  in  the  algorithms  which 
calculate  continuation  rates  for  four-year  enlistees  in  their 
third  year  of  service.  For  those  MOS  which  have  been  offered  an 
enlistment  bonus,  the  result  will  be  a set  of  continuation  rates 
reflecting  alternative  bonus  and  policy  levels. 

C-8.  CONTINUATION  RATES  FOR  THE  CAREER  FORCE.  Cohort  file  tech- 
niques could  be  used  to  develop  estimates  of  continuation  for  the 
career  force.  This  technique  is  not  currently  used  nor  is  it  re- 
commended because  of  the  size  and  number  of  data  files  which  would 
be  required  and  because  of  the  relatively  high  and  stable  reen- 
listment rates  which  have  been  exhibited  by  the  career  force.  An 
alternative  method  of  computing  MOS-unique  continuation  rates  uses 
historical  data  on  MOS  populations  by  grade  and  year  of  service  in 
conjunction  with  the  PIA/YOS  feeder  patterns  to  develop  continua- 
tion rates  for  the  career  force.  A heuristic  explanation  of  the 
derivation  method  is  given  in  Chapter  4.  A more  rigorous 
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derivation  is  contained  in  CAA  Technical  Paper,  CAA-TP-77-3.*  lo 
illustrate  results,  the  continuation  rates  for  the  maneuver  cusiiPat 
arms  are  shown  in  Appendix  D. 

C-9.  THE  BASE  CASE  AND  FORMULATION  OF  ALTERNATIVES.  MOS-unique 
continuation  rates  provide  a set  of  rates  for  projecting  the  ca- 
reer force  and  cohort  data  files  provide  the  basis  for  computing 
rates  for  the  first  four  years  of  service.  Sets  of  rates  have 
been  derived  for  the  third  and  fourth  years  of  service  for  each 
MOS.  These  sets  include  expected  reenlistment  rates  for  the 
three-  and  four-year  enlistees  for  all  SRB  levels  under  various 
policy  alternatives.  Because  the  PIA  Model  requires  a single  rate 
for  each  MOS,  the  system  user  must  specify  an  SRB  level  and  a pol- 
icy environment  for  each  MOS.  The  simulation  will  then  provide  a 
projected  force  reflecting  the  policies  in  effect  and  the  SRBs 
offered  for  either  the  base  case,  that  is,  current  policies  and 
bonus  levels,  or  for  excursions  to  SRBs  and/or  policies  specified 
by  the  manager. 

C-10.  APPLICATION  OF  COST  DATA.  Cost  data  on  a per  man  basis  is 
readily  available  for  most  policies.  As  examples,  the  Monetary 
Incentives  Branch  of  MILPERCEN  maintains  data  on  the  average  SRB 
paid  and  the  Office  of  Plans,  Programs  and  Budgets  within  ODCSPER 
maintains  data  on  PCS  costs.  Training  cost  data  is  available  from 
the  Office  of  Cost  Analysis,  Office  of  the  Comptroller  of  the 
Army.  To  apply  these  data  requires  information  on  the  expected 
number  of  individuals  who  will  accept  the  option  if  offered  and 
the  marginal  improvement  in  reenlistment  that  can  be  expected.  If 
an  inducement  is  offered  such  as  the  CONUS-to-CONUS  station  of 
choice  reenlistment  option,  some  improvement  in  reenlistment  could 
be  expected;  however,  others  who  would  have  reenlisted  without  the 
option  will  probably  accept  the  offer  when  made.  If  the  option 
has  been  used  within  the  time  frame  of  the  historical  data,  the 
reenlistment  option  code  from  the  transaction  record  of  the  cohort 
file  can  be  used  to  estimate  the  total  expected  number  of  reenlis- 
tees who  would  take  the  option  if  offered.  Time-lagged  linear- 
regression  techniques  discussed  in  paragraph  C-b  can  then  be  used 
to  estimate  the  expected  marginal  improvement  in  reenlistment  as  a 
function  of  the  option.  Applying  these  data  to  the  number  of  reen- 
listment eligibles  currently  in  the  third  and  fourth  years  of  ser- 
vice and  multiplying  by  the  cost  factors  provides  an  estimate  of 
the  total  cost  of  offering  the  option. 


*US  Army  Concepts  Analysis  Agency,  "Derivation  of  MOS-Unique 
Continuation  Rates,"  Technical  Paper  CAA-TP-77-3,  Bethcsda,  MU. 
Apr  77. 
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C-11,  THE  HIERARCHICAL  INPUT  PROCESS  OUTPUT  CHARTS.  The  previous 
paragraphs  establish  the  desired  structure  of  the  data  base  (i.e., 
cohort  files  and  strength  data)  and  show  how  variations  of  current 
policies  can  be  explored  to  provide  insight  into  the  cost  and  ef- 
fectiveness of  bonus  decisions.  The  Functional  Hierarchical  Chart 
for  the  CEABREP  system  is  at  Annex  I.  The  Hierarchical  Input-Pro- 
cess-Output charts  with  extended  narrative  descriptions  to  support 
the  functions  are  at  Annex  II. 
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Development  of  the  CEABREP  System 


Annex  I 

Functional  Hierarchical  Charts 


Functional  Hierarchical  Chart  for  First  Term  Continuation  Rates 


Functional  Hierarchical  Chart  for  Interim  Rates  3rd/4th  YOS 
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APPENDIX  C 

Development  of  the  CEABREP  System 


Annex  II 

Hierarchical  Input-Process-Output  Charts 


C-II-1 


EXTENDED  NARRATIVE  FOR  HIPO  C-II-2 


CAA-SR-77-10 


This  process  is  used  to  control  the  entire  CEABREP  system.  Step  1 
is  executed  only  once  while  steps  2 through  5 are  executed  for  the 
"BASE  CASE"  and  each  new  "ALTERNATIVE"  until  a satisfactory  result 
has  been  obtained. 


C-II-3 


CAA-SR-77-10 


1 


EXTENDED  NARRATIVE  FOR  HIPO  C-II-4 


This  process  allows  the  user  to  select  any  one  of  the  five  func- 
tions via  CRT.  After  successfully  completing  a selected  function 
the  user  can  either  select  another  function  or  return  to  the 
CEABREP  system  control  process. 


C-II-5 

J 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-6 


INPUT:  The  input  file  "Valid  MOS"  contains  the  grade  information 

for  each  valid  MOS  and  the  CMF/sub-cluster  number  the  MOS  belongs 
to. 

PROCESS:  The  "Valid  MOS"  File  is  transformed  into  a CMF  set  and  a 

node  set. 

OUTPUT:  The  CMF  set  is  used  to  define  each  CMF  and  sub-cluster 

number  and  the  maximum  number  of  nodes  and  the  maximum  numoer  ot 
arcs.  Where  a node  is  used  to  indicate  the  existence  of  a popula- 
tion for  a given  MOS  and  grade  pair.  The  Node  set  contains  the 
information  for  each  MOS  of  a given  CMF/sub-cluster  number  in  the 
form  of:  MOS,  link  to  MOS  strength  data.  Node  Number  1 (E1-E3); 

Node  Number  2 (E4 );...;  Node  Number  7 (E9).  The  node  numbers  cor- 
relate to  the  node  numbers  used  in  the  Cluster  file  (see  C-II-8). 


C-II-7 


I 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-8 


INPUT:  The  Cluster  file  contains  one  record  for  each  CMF.  Each 
record  contains  pairs  of  node  numbers  along  with  a percent  flow 
between  the  two  node  numbers.  Each  node  number  represents  a 
unique  MOS/Grade  for  a given  CMF.  These  node  numbers  correspond 
to  the  node  numbers  used  in  the  Valid  MOS  File,  (see  C-lI-3). 

PROCESS:  Each  record  from  the  Cluster  File  is  converted  into  an 

Arc  set  for  each  CMF  along  with  the  correspondi ng  percent  flows. 

OUTPUT:  The  Arc  set  produced  is  in  the  form  of  triplets:  (t,  s, 
p),  where  t is  the  terminal  node  number,  s is  the  source  node  num- 
ber and  p is  the  percent  flow  from  s to  t.  Also  the  CMF  set  is 
augmented  by  setting  the  total  number  of  arcs  for  each  CMF. 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-lU 


INPUT;  The  PIA/YOS  Conversion  file  contains  the  necessary  infor- 
mation to  convert  old  MOS/brades  to  PIA/YOS  defined  MOS/Grades 
along  *<ith  the  percent  to  be  converted.  The  strength  data  con- 
tains the  strengths  for  each  MOS  by  YOS/Grade/Duarter. 

PROCESS:  The  input  strengths  for  each  MOS  are  converted  to  the 

output  strengths  for  each  PIA/YOS  defined  MOS. 

OUTPUT:  The  output  file  contains  the  strengths  for  each  MOS  oe- 

fined  by  PIA/YOS  by  YOS/Grade/Uuarter. 


PROCESS:  Unique  Continueation 


EXTENDED  NARRATIVE  FOR  HIPO  C-II-12 


CAA-SR-77-10 


Steps  1 through  4 are  executed  Interactively  for  each  CMF  speci- 
fied by  the  user  via  CRT  to  produce  unique  continuation  rates  for 
all  MOS  defined  by  the  selected  CMF's  by  MOS/Grade/YOS. 


C-II-13 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-14 


This  is  a control  process:  if  "BASE-CASE"  was  selected  then  step 

1 is  executed  to  determine  subpopulations  and  to  set  unemployment 
rates  and  policy  conditions  that  were  in  effect:  if  "ALTERNATIVE" 
had  been  selected  then  step  2 is  executed,  which  allows  the  user 
to  set  expected  policy  conditions  to  influence  the  third  and 
fourth  YOS  continuation  rates. 


i 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-16 


INPUT:  The  "Base  Case  Cohort"  describes  those  individuals  with 

term  of  service  equal  to  three  and  who  belong  to  the  cohort  which 
is  current  fiscal  year  minus  three  years.  The  file  is  in  MOS  as- 
cending order.  The  Problem  Definition  Deck"  is  used  to  define  the 
range  of  values  and  groupings  for  each  variable  used  by  the  AID 
model.  The  unemployment  rates  and  the  policy  Indicators  are  by 
subpopulations/month.  Each  policy  is  treated  as  a binary  variable 
(a  one  or  zero)  used  to  indicate  that  a Policy  is  on  or  off  re- 
specti vely . 

PROCESS:  The  "Base  Case  Cohort"  is  first  stratified  by  SRB  and 

then  each  SRB  file  is  used  as  input  to  the  AID  model.  The  user 
then  evaluates  the  AID  results  and  selects  the  subpopulations  to 
be  used.  With  the  subpopulations  defined  the  unemployment  rates 
and  Policies  can  be  entered. 

OUTPUT:  Unemployment  rates  and  Policies  by  subpopulations/month. 


C-lI-17 


PROCESS:  First  Term  Continuation 

j^^PUT  Rates  OUTPUT 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-18 


This  is  a control 
or  "ALTERNATIVE": 

process  used  to  support 

either  the  "BASE  CASE 

"BASE  CASE" 

Pass 

Cont.  Rate 

Steps  Executed 

1 

3rd  YOS 

1.  2 & 4 

2 

4th  YOS 

1,  2,  A 4 

3 

1st  YOS 

1,  3,  4 4 

4 

2nd  YOS 

1,  3,  & 4 

"ALTERNATIVE" 

Pass 

Cont.  Rate 

Steps  Executed 

1 

3rd  YOS 

2 S 4 

2 

4th  YOS 

2 4 4 

3 

N/A 

N/A 

4 

N/A 

N/A 

C-lI-19 


PROCESS:  Convert  Cohort  File  to 

input  Count  Data  OUTPUT 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-2U 


This  is  a control  process  which  is  used  to  control  the  conversion 
of  a given  Cohort  file  to  count  data  based  on  the  YOS  being  com- 
puted. Step  1 is  executed  for  first  or  second  YOS  and  Step  2 is 
executed  for  third  or  fourth  YOS. 


C-II-21 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-22 


INPUT:  There  are  two  input  Cohort  files,  one  has  one  Year  of  Ser- 

vice (YOS)  information  and  the  other  has  two  YOS  information.  The 
one  YOS  Cohort  has  as  its  last  YOS  the  current  FY  being  projected. 
The  two-YOS  Cohort  has  the  current  FY  minus  one  and  the  current  FY 
as  its  next  to  last  YOS  and  last  YOS  respectively.  In  addition  to 
the  Cohort  Files  there  is  a Subpopulation  Definition  file  which  is 
used  to  stratify  the  count  data  along  with  the  SRB. 

PROCESS:  The  two  YOS  Cohort  is  transformed  into  count  data  anc 

the  FY  are  separated  and  stratified  by  sub-population  and  SRB. 

The  one  YOS  Cohort  is  simply  stratified  by  subpopulation  and  SRb. 

OUTPUT:  Count  data  for  two-YOS  Cohort  by  sub-population/FY/SRB 

and  count  data  for  one  YOS  Cohort  by  subpopulation  and  SRB. 


C-Il-23 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-24 

This  Is  a control  process  used  to  control  the  conversion  of  One- 
YOS  and  Two-YOS  Cohort  files  to  count  data  for  third  and  fourth 


C-II-25 
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EXTENED  NARRATIVE  FOR  HIPO  C-II-26 


INPUT:  See  C-II-22  for  Two-YOS  Cohort  definition.  The  subpopula- 

tion definition  file  is  used  to  stratify  the  Two-YOS  Cohort  into 
the  Count  Data  Files. 

PROCESS:  The  Two-YOS  Cohort  is  used  to  create  five  count  data 

files  which  have  two  major  groupings.  Three  count  data  files  for 
Term  of  Service  (TOS)  equal  to  three  and  two  count  data  files  with 
TOS  equal  to  four. 

OUTPUT:  All  five  count  data  files.  Sets  A through  E are  strati- 
fied by  subpopulation.  In  addition:  Set  A is  stratified  by  OP 

(OP  = 1)  = (RE-UP)  & (OP  = 2)  = (Sep)  and  SRB;  Set  B by  OP  and 
month;  Set  C by  SRB;  Set  D by  FY  and  SRB;  and  Set  E by  SRB. 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-28 


INPUT:  One-YOS  Cohort  (see  C-II-22),  Subpopulation  definitions, 

and  the  count  data  files  Sets  CAE  from  C-II~26  for  TOS  = 3 and 
TOS  = 4. 

PROCESS:  Create  count  data  Sets  F,  b,  and  H.  Where  Sets  UAH 

are  augmented  with  the  count  data  from  Sets  CAE  respectively. 
Set  F reflects  only  count  data  from  One-YOS  Cohort  Dy  suOpopula- 
tion  and  month  for  TOS  = 3. 

OUTPUT:  Three  sets  of  Count  data:  Set  F which  reflects  only 

count  data  from  One-YOS  Cohort,  Set  (i  is  the  count  data  for  the 
One-YOS  and  Two-YOS  Cohort  files  for  TOS  = 3,  and  Set  H is  the 
count  data  for  the  One-YOS  and  Two  YOS  Cohort  files  for  TOS  = 4. 


C-II-29 


PROCESS:  Compute  3rd  & 4th  YOS 

INPUT  Interim  Rates  OUTPUT 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-3U 


This  is  a control  process  to  control  the  computation  of  interim 
rates  for  third  and  fourth  YDS.  There  are  two  possible  cases: 

Case  1,  "BASE  CASE"  selected  by  user  then  steps  1 through  b would 
be  executed;  and  Case  ii,  "ALTERNATIVE"  selected  by  user,  then  only 
steps  3 and  5 would  be  executed. 


C-II-31 


(3.21) 

PROCESS:  Joint  Prob  S Linear 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-32 


INPUT:  Count  data  from  C-II-25  A which  reflects  count  data  for 
each  subpopulation  by  OP  and  SRB,  where  0P=1  for  reenlistments  ana 
0P=2  for  separations.  In  addition  to  the  count  data  file  a sub- 
population definition  file  is  provided  as  input  to  the  process. 

PROCESS:  The  joint  probability  is  used  to  compute  the  distribu- 

tion of  subpopulations  with  respect  to  OP  (RE-UP/Sep)  and  SRB.  A 
linear  regression  is  then  performed  using  the  distributions  f^-on 
set  A.  If  a distripution,  due  to  its  size,  is  to  small  then  the 
corresponding  distribution  from  the  Set  J is  used.  The  resulting 
Set  K,  contains  the  a and  b coefficiences  for  each  subpopulation, 
(i.e.,  a,+b,x,  a2+02 a|^+bj^),  where  X is  the  SRB  level. 

OUTPUT:  Set  J is  an  intermediate  result  which  is  used  only  if  a 

distribution  from  Set  A i s to  small,  less  than  lOU.  The  fina’ 
results  of  the  linear  regression  is  contained  in  Set  K by  subpopu- 
lation/coef,  where  [(coef=l)  for  a]  and  [(coef=2)  for  b]. 


C-Il-33 


(3.22) 

PROCESS:  Time  Lag  Reg.  Time  of 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-34 


This  process  performs  three  functions:  j 

1.  The  RE-UP  component  (0P=1)  for  Set  B is  augmented  with  the  i 

RE-UP  count  from  Set  F for  each  subopulation  by  month  < 

(month=l ,2. . . , 12). 

2.  Compute  the  percent  Re-up  for  each  subopulation  by  month  using 
Set  L and  producing  Set  M. 

3.  Perform  a Time  Lag  Regression  on; 

Re-up/Unemployment/Pol icyl/. • ./Pol  icy  k for  each  subpopulation  by 
month,  resulting  in  a coefficient  matrix  Z.  Matrix  Z is  strati- 
fied by  subpopulation  and  category,  where  L(category=l )= 

Unemployment],  [(category=2)  = Policy  1]. . . [(category=K+l ) = 

Pol  icy  K] . 


C-II-35 
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EXTENDED  NARRAl iVE  FOR  HIPO  C-II-36 


This  process  performs  two  functions: 

1.  Averages  are  computed  for  Unemployment,  Policy  1,...,  Policy  k 
for  the  current  fiscal  year  be  computed  with  TOS  equal  to  three. 

2.  Interim  rates  are  computed  by  first  modifying  the  coeffi- 
ciences  in  matrix  Z by  the  differences  between  the  averages  and 
the  expected  values  for  unemployment,  policy  1,...,  Policy  k.  Ttie 
resulting  coefficiences  are  then  used  to  adjust  the  intercept  (co- 
efficient a^,  for  i=l,2,...,k)  from  Set  k which  is  then  used  to 
compute  the  interim  rates  for  each  subpopulation  by  SRB  for  third 
or  fourth  YDS  and  TOS  equal  to  three. 


C-11-37 


PKOCLSS:  Simple  Rates  TOS  = 4 OUTPUT 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-38 


PROCESS:  Convex  Combination  of 

Simple  Rates  (TOS  - 4) 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-4U 


The  purpose  for  this  process  is  to  combined  the  rates  for  TOS 
equal  to  three  and  four  to  obtain  a single  set  of  rates  for  each 
subpopulation  by  SRB,  using  the  convex  combination  method. 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-42 

This  is  a control  process  which  is  used  to  compute  interim  rates 
for  either  first  or  second  YOS  for  each  subpopulation  by  SRB. 


C-I 1-43 


PROCESS:  Compute  Percents  for 

[fjPUT  ■ Two-YOS  by  Sub-pop/SRB  OUTPUT 


C-II-44 


p 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-44 


This  process  computes  the  percent  of  YR=1  from  Set  X with  respect  ] 
to  (YR=1)  and  (YR=2)  for  each  subpopulation  by  SRB.  (Set  X was  ] 
produced  in  HIPO  C-II-21).  j 
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C-II-45 


(3.32) 

PROCESS:  Simple  Rates  for  1st  or 

INPUT  2d  YOS  by  SP/SRB  OUTPUT 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-46 


This  process  computes  the  interim  rates  for  either  first  YDS  or 
second  YOS  for  each  subpopulation  by  SRB.  The  rates  are  computed 
by  taking  the  convex  combination  of  X with  respect  to  Set  B for 
each  subpopulation  by  SRB.  (Set  B was  produced  in  HIPO  C-II-21 
and  Set  X was  produced  in  HIPO  C-II-43).  Set  X now  reflects  the 
interim  rates  for  first  or  second  YOS  for  each  subpopulation  by 
SRB. 


t 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-48 


This  is  a control  process  for  computing  YDS  continuation  rates. 

If  "BASE-CASE"  was  selected  then  steps  1 and  2 would  be  executed 
to  compute  continuation  rates  for  either  first,  second,  third,  or 
fourth  YDS  by  MOS/brade/YOS.  If  "AL'i’ERNATIVE"  had  oeen  selected 
then  only  step  2 would  be  executed  to  compute  eitner  third  or 
fourth  YDS  continuation  rates  by  MOS/Grade/YOS. 


PROCESS:  Convert  MOS/Orade  to 

INPiJT  PIA/YOS  Defined  MOS/Grade  OUTPUT 
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EXTENDED  NARRATIVE  FOR  HlPO  C-II-bU 


This  process  converts  the  MOS/Urade  pairs  from  the  current  YOS 
cohort  file  to  PIA/YOS  defined  Mos/Grade  pairs  for  each  subpopula- 
tion by  MOS/Grade  in  the  form  of  count  data.  This  is  accomplished 
by  first  converting  the  current  YOS  Cohort  file  to  count  data  for 
each  subpopulation  by  MOS  and  grade.  This  count  data  Set  0 is 
then  converted  to  the  PIA/YOS  defined  MOS  and  grade  pairs  for  each 
subpopulation  by  MOS  and  grade. 
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EXTENDED  NARRATIVE  FOR  HIPO  C-II-52 


♦ This  process  computes  the  contihuatioh  rates  Dy  MOS/Grade/YOS  fc-- 
either  first,  second,  third,  or  fourth  YOS.  The  convex  comoina- 
tion  method  is  used  to  comCined  the  interim  rates,  (Set  x first  or 
second  YOS  interim  rates)  and  (Set  0 third  or  fourth  YOS  inte'-iir 
rates)  with  the  distripution  oeing  over  each  subpopulation  by  HOS ' 
Grade. 
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EXTENDED  NARRATiyt  FOR  HIPO  C-II-54 

! 

This  is  a macro  view  of  the  PIA/YOS  Model  and  only  shows  those 
inputs  and  outputs  directly  used  or  produced  by  the  CEABREP  sys- 
tem. 
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PROCESS 


CAA-SR-77 


EXTENDED  NARRATIVE  FOR  HIPO  C-II-56 


This  process  performs  three  functions: 

1.  It  allows  the  user  the  ability  to  cost  the  projected  fo^ce. 

2.  Determine  projected  manpower  shortages,  balances,  and  overages 
for  each  MOS  and  the  total  force. 

3.  Assist  in  the  evaluation  process  to  determine  if  another  al- 
ternative is  required. 
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CONTINUATION  RATES  FOR  THE  MANEUVER  COMBAT  ARMS 


D-1.  BACKGROUND.  This  Appendix  provides  an  example  of  MOS-unique 
continuation  rates  for  the  maneuver  combat  arms  (CMFll).  As  ex- 
plained in  Chapter  3,  continuation  rates  are  probabilities  that 
individuals  in  service  will  continue  in  service  at  least  one  more 
year.  The  methodology  used  to  compute  MOS-unique  continuation 
rates  for  the  career  force  at  the  MOS,  grade  and  year  of  service 
level  of  detail  is  explained  in  Chapter  3 wi th  a more  rigorous 
explanation  provided  in  CAA  Technical  Paper  77-3.* 

D-2.  THE  MANEUVER  COMBAT  ARMS.  Continuation  rates  were  calcu- 
lated using  eight  quarters  of  data  which  spanned  the  period  from 
Jun  75  to  Mar  77.  The  continuation  rates  for  the  maneuver  combat 
arms  are  shown  in  Tables  D-1  through  D-5.  Because  the  methodology 
of  Chapter  3 is  highly  dependent  on  the  feeder  patterns  of  the 
Personnel  Inventory  Analysis/Year  of  Service  model  (PIA/YOS),  it 
is  possible  for  the  computed  rates  to  exceed  one.  When  the  rates 
exceed  one,  it  is  an  indication  that  during  the  time  span  of  the 
data  there  were  MOS  reclassifications  (voluntary  and  involuntary) 
constituting  unexplained  personnel  flows  into  the  MOS. 


*US  Army  Concepts  Analysis  Agency,  "Derivation  of  MOS-Unique 
Continuation  Rates,"  Technical  Paper  CAA-TP-77-3,  Bethesda,  MD, 
Apr  77. 
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Table  D-1.  Continuation  Rates  by  Grade  and  Year  of  Service 
for  MOS  IIB 


Year  of 
Service 

E1-E3 

E4 

Grade 

E5  E6 

E7 

E8 

E9 

1 

0.848 

0.848 

0.848 

0 

0 

0 

0 

2 

0.719 

0.719 

0.719 

0 

0 

0 

0 

3 

0.868 

0.668 

0.668 

0 

0 

0 

0 

4 

0.711 

0.711 

0.711 

0 

0 

0 

0 

5 

0.902 

0.902 

0.902 

0 

0 

0 

0 

6 

0.912 

0.912 

0.912 

0.912 

0 

0 

0 

7 

0.910 

0.910 

0.910 

0.910 

0 

C 

0 

8 

0.880 

0.880 

0.880 

0.880 

0 

0 

0 

9 

0.911 

0.911 

0.911 

0.911 

0 

0 

0 

10 

0.971 

0.971 

0.971 

0.971 

0.971 

0 

0 

11 

0 

0.981 

0.981 

0.981 

0.981 

0 

0 

12 

0 

1.023 

1.023 

1.023 

1.023 

0 

0 

13 

0 

1.025 

1.025 

1.025 

1.025 

1.013 

0 

14 

0 

0 

1.059 

1.059 

1.059 

1.058 

0 

15 

0 

0 

1.058 

1.058 

1 . 058 

1.055 

0 

16 

0 

0 

1.076 

1.076 

i . 076 

1.067 

0 

17 

0 

0 

1.073 

1.073 

1.073 

1.065 

0 

18 

0 

0 

1.064 

1.064 

1.064 

1.064 

0 

19 

0 

0 

1.093 

1.093 

1.093 

1.091 

0 

20 

0 

0 

0.582 

0.582 

0.582 

0.578 

0 

21 

0 

0 

0 

0.776 

0.776 

0.775 

0 

22 

0 

0 

0 

0.871 

0.871 

0.867 

0 

23 

0 

0 

0 

0.952 

0.952 

0.944 

0 

24 

0 

0 

0 

0.886 

0.866 

0.883 

0 

25 

0 

0 

0 

0 

1.032 

1.035 

0 

26 

0 

0 

0 

0 

0.865 

0.859 

0 

27 

0 

0 

0 

0 

0.860 

0.862 

0 

28 

0 

0 

0 

0 

0 

0.948 

0 

29 

0 

0 

0 

0 

0 

0.769 

0 

30 

0 

0 

0 

0 

0 

0.291 

0 
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Table  D-2.  Continuation  Rates  by  Grade  and  Year  of  Service 
for  MOS  lie 


Year  of 
Service 

E1-E3 

E4 

Grade 

E5  E6 

E7 

E8 

E9 

1 

0.848 

0.848 

0.843 

0 

0 

0 

0 

2 

0.776 

0.776 

0.776 

0 

0 

0 

0 

3 

0.682 

0.682 

0.682 

0 

0 

0 

0 

4 

0.722 

0.722 

0.722 

0 

0 

0 

n 

5 

0.916 

0.916 

0.916 

0 

0 

0 

0 

6 

0.903 

0.903 

0.903 

0.903 

0 

0 

0 

7 

0.896 

0.896 

0.896 

0.896 

0 

0 

0 

8 

0.895 

0.895 

0.895 

0.895 

0 

0 

9 

0.875 

0.875 

0.875 

0.875 

0 

0 

G 

10 

0.879 

0.879 

0.879 

0.879 

0.879 

0 

0 

11 

0 

0.946 

0.946 

0.946 

0.946 

0 

0 

12 

0 

1.015 

1.015 

1.015 

1.015 

0 

0 

13 

0 

0.951 

0.951 

0.951 

0.951 

0 

0 

14 

0 

0 

1.050 

1.050 

1.050 

0 

0 

15 

0 

0 

1.038 

1.038 

1.038 

0 

U 

16 

0 

0 

1.020 

1.020 

1.020 

0 

17 

0 

0 

1.026 

1.026 

1.026 

0 

18 

0 

0 

1.060 

1.060 

1.060 

0 

■ 

19 

0 

0 

1.078 

1.078 

1.078 

0 

0 

20 

0 

0 

0.560 

0.560 

0.560 

0 

0 

21 

0 

0 

0 

0.770 

0.770 

0 

u 

22 

0 

0 

0 

0.850 

0.850 

0 

u 

23 

0 

0 

0 

0.904 

0.904 

0 

0 

24 

0 

0 

0 

0.864 

0.864 

0 

0 

25 

0 

0 

0 

0 

1.054 

0 

n 

26 

0 

0 

0 

0 

0.828 

0 

0 

27 

0 

0 

0 

0 

0.874 

0 

0 

28 

0 

0 

0 

0 

0 

0 

29 

0 

0 

0 

0 

0 

0 

0 

30 

0 

0 

0 

0 

0 

0 

0 

L 
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Table 

D-3. 

Continuation  Rates  by  Grade 
for  MOS  IID 

and  Year  of  Service 

Year  of 
Service 

El 

■ -E3 

E4 

Grade 

E5 

E6 

E7 

E8 

E9 

1 

0. 

848 

0. 

,848 

0, 

,848 

0 

0 

0 

0 

2 

0. 

774 

0. 

774 

0. 

,744 

0 

0 

0 

0 

3 

0. 

899 

0. 

899 

0, 

,899 

0 

0 

0 

0 

4 

0. 

862 

0. 

862 

0. 

.862 

0 

0 

0 

0 

5 

0. 

966 

0. 

966 

0. 

,966 

0 

0 

0 

0 

6 

1. 

019 

1. 

019 

1. 

,019 

1. 

,019 

0 

0 

0 

7 

0. 

975 

0. 

975 

0. 

975 

0. 

,975 

0 

0 

0 

8 

0. 

969 

0. 

969 

0. 

969 

0. 

,969 

0 

0 

0 

9 

1. 

035 

1. 

035 

1. 

035 

1. 

,035 

0 

0 

0 

10 

1. 

098 

1. 

098 

1. 

098 

1. 

098 

1. 

098 

0 

0 

11 

0 

1. 

114 

1. 

114 

1. 

,114 

1. 

114 

0 

0 

12 

0 

1. 

039 

1. 

039 

1. 

,039 

1. 

039 

0 

0 

13 

0 

0. 

985 

0. 

985 

0. 

985 

0. 

985 

0. 

,985 

0 

14 

0 

0 

1. 

008 

1. 

,008 

1. 

008 

1. 

,008 

0 

15 

0 

0 

1. 

048 

1. 

,048 

1. 

048 

1, 

,048 

0 

16 

0 

0 

1. 

083 

1. 

083 

1. 

083 

1, 

,083 

0 

17 

0 

0 

1. 

093 

1. 

093 

1. 

093 

1. 

,093 

0 

18 

0 

0 

1. 

020 

1. 

020 

1. 

020 

1, 

,020 

0 

19 

0 

0 

1. 

064 

1. 

064 

1. 

064 

1. 

,064 

0 

20 

0 

0 

0. 

616 

0. 

,616 

0. 

616 

0. 

,616 

0 

21 

0 

0 

0 

0. 

,694 

0. 

694 

0, 

,694 

0 

22 

0 

0 

0 

0. 

,827 

0. 

827 

0. 

,827 

0 

23 

0 

0 

0 

0. 

,914 

0. 

914 

0, 

.914 

0 

24 

0 

0 

0 

0. 

873 

0. 

873 

0. 

,873 

0 

25 

0 

0 

0 

0 

0. 

953 

0, 

,953 

0 

26 

0 

0 

0 

0 

0. 

817 

0, 

.817 

0 

27 

0 

0 

0 

0 

0. 

874 

0. 

,874 

0 

28 

0 

0 

0 

0 

0 

1. 

,005 

0 

29 

0 

0 

0 

0 

0 

0, 

,804 

0 

30 

1 

0 

0 

0 

0 

0. 

388 

0 
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Table  D-4.  Continuation  Rates  by  Grade  and  Year  of  Se*vice 
for  MOS  HE 


Year  of  Grade 


Service 

El 

.-E3 

E4 

E5 

E6 

E7 

E8 

1 

0. 

848 

0. 

848 

0. 

,848 

0 

0 

0 

2 

0. 

777 

0. 

777 

0. 

777 

0 

0 

0 

3 

0. 

709 

0. 

709 

0. 

709 

0 

0 

0 

4 

0. 

797 

0. 

797 

0. 

797 

0 

0 

0 

5 

0. 

975 

0, 

975 

0. 

975 

0 

0 

0 

6 

0. 

998 

0. 

998 

0. 

998 

0. 

,998 

0 

0 

7 

1. 

049 

1. 

049 

1. 

047 

1. 

.049 

0 

0 

8 

0. 

998 

0. 

998 

0. 

998 

0. 

998 

0 

0 

9 

1. 

114 

1. 

114 

1. 

114 

1. 

,114 

0 

0 

10 

1. 

162 

1. 

162 

1. 

162 

1. 

,162 

1. 

,162 

0 

11 

0 

1. 

168 

1. 

168 

1. 

168 

1. 

,168 

0 

12 

0 

1. 

236 

1. 

236 

1. 

,236 

1. 

,236 

0 

13 

0 

1. 

186 

1. 

186 

1. 

,186 

1. 

,186 

1. 

120 

14 

0 

0 

1. 

144 

1 

i . 

,144 

1. 

144 

1. 

099 

15 

0 

0 

1. 

228 

1. 

,228 

1. 

,228 

1. 

169 

16 

0 

0 

1. 

168 

1. 

168 

1. 

168 

1. 

140 

17 

0 

0 

1. 

055 

1. 

,055 

1. 

,055 

1. 

068 

18 

0 

0 

1. 

085 

1. 

085 

1. 

085 

1. 

063 

19 

0 

0 

1. 

077 

1. 

077 

1, 

,077 

1. 

073 

20 

0 

0 

0. 

569 

0, 

,569 

0. 

,569 

0. 

584 

21 

0 

0 

0 

0, 

.763 

0, 

.763 

0. 

722 

22 

0 

0 

0 

0. 

,864 

0. 

,864 

0. 

852 

23 

0 

0 

0 

0. 

,880 

0. 

,880 

0, 

891 

24 

0 

0 

0 

0. 

,799 

0. 

,799 

0. 

824 

25 

0 

0 

0 

0 

0, 

,978 

0. 

870 

26 

0 

0 

0 

0 

0. 

,768 

0. 

784 

27 

0 

0 

0 

0 

0, 

,906 

0. 

896 

28 

0 

0 

0 

0 

0 

1. 

007 

29 

0 

0 

0 

0 

0 

0. 

813 

30 

0 

0 

0 

0 

0 

0. 

279 
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Table  D-5.  Continuation  Rates  by  Grade  and  Year  of  Service 
for  MOS  IIZ 


Year  of 
Service 

E1-E3 

E4 

Grade 

E5 

E6 

E7 

E8 

E9 

1 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

11 

0 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

0 

13 

0 

0 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

1.070 

15 

0 

0 

0 

0 

0 

0 

1.088 

16 

0 

0 

0 

0 

0 

0 

1.088 

17 

0 

0 

0 

0 

0 

0 

1.066 

18 

0 

0 

0 

0 

0 

0 

1.064 

19 

0 

0 

0 

0 

0 

0 

1.085 

20 

0 

0 

0 

0 

0 

0 

0.580 

21 

0 

0 

0 

0 

0 

0 

0.760 

22 

0 

0 

0 

0 

0 

0 

0.863 

23 

0 

0 

0 

0 

0 

0 

0.929 

24 

0 

0 

0 

0 

0 

0 

0.865 

25 

0 

0 

0 

0 

0 

0 

1.016 

26 

0 

0 

0 

0 

0 

0 

0.838 

27 

0 

0 

0 

0 

0 

0 

0.872 

28 

0 

0 

0 

0 

0 

0 

0.965 

29 

0 

0 

0 

0 

0 

0 

0.782 

30 

0 

0 

0 

0 

0 

0 

0.287 

D-6 


APPENDIX  E 


CAA-5R-77-10 


AID  RESULTS  USED  TO  DERIVE  RETENTION  FACTORS 


E-1.  BACKGROUND.  This  appendix  presents  the  AID  results,  derived 
from  analysis  of  the  FY  71  cohort,  that  were  used  to  extract  the 
four  retention  factors:  race,  education,  dependents,  pay  grade. 

The  significance  and  use  of  these  retention  factors  are  discussed 
in  Chapter  4.  As  discussed  in  Chapter  4,  a sample  of  39,047  sol- 
diers was  extracted  from  the  FY  71  cohort.  The  soldiers  in  this 
sample  were  then  distributed  among  five  subpopulations  based  on 
the  SRB  for  which  the  soldier  was  eligible  at  separation/reenl i st- 
ment.  These  five  subpopulations  were  then  analyzed  using  the  AID 
1 1 1 Model . 

E-2.  VARIABLES.  Table  E-1  shows  the  variables  and  the  variable 
classes  used  as  input  to  the  AID  Model.  The  variable  classifica- 
tions are  defined  in  the  "Definition"  column. 

E-3.  EXAMPLE  OF  AID  RESULTS.  Figure  E-1  provides  an  example  of 
the  symbology  used  in  Figures  E-1  through  E-5.  In  Figure  E-1, 
population  #5  consisting  of  3,036  black  soldiers  (variable  Race, 
class  2)  with  a reenlistment  rate  of  0.252  is  subdivided  based  on 
pay  grade  into  populations  #24  and  25;  population  »24  has  794 
black  soldiers  in  pay  grades  E1-E3  who  have  reenlisted  at  a rate 
of  U.U49.  Population  #25  has  2,242  black  soldiers  in  pay  grades 
E4/E5  who  have  reenlisted  at  a rate  of  0.324.  Figures  E-2  througn 
E-6  are  interpreted  in  the  preceding  manner. 
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Table  E-1.  AID  Variables/Classes 


Variable 

Class 

Class  definition 

Age 

1-7 

17-23  (1  = 17,...,  7 = 23) 

Initial  Term  of  Service 

2-6 

2 years  - 6 years 

Enl isted/Drafted 

1 

Enlistee 

2 

Draftee 

Lottery  Number 

1 

1 - 50 

2 

51  - 100 

3 

101  - 150 

4 

151  - 200 

5 

201  - 250 

6 

251  - 366 

Race 

1 

White 

2 

Black 

3 

Other 

AFQT 

1 

93  - 99 

2 

65  - 92 

3 

31  - 64 

4 

16  - 30 

5 

1 - 15 

Sex 

1 

Male 

2 

Female 

Education 

1 

Non  High  School  Grad 

2 

High  School  Grad 

3 

More  than  High  School 

4 

GED  High  School 

Duty  MOS 

1 

Combat  MOS 

2 

Non  Combat  MOS 

Pay  Grade 

1-7 

E1-E7 

Marital  Status 

1 

Single 

2 

Married 

3 

Divorced 

4 

Interlocutory 

5 

Legally  Separated 

6 

Widowed 

7 

Annulled 

Number  of  Dependents 

0-9 

0-9  dependents 

Location 

1 

Overseas 

2 

CONUS 

3 

Unknown 

Zip  Code 

0 

Rural 

1 

Urban 

E-2 


19. ->9. 


1 .089 


Term  of  Service 


10.426 


Figure  E-2.  AID  Tree  for  SRB  1 


Figure  E-5.  AID  Tree  for  SRB  4 
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APPENDIX  F 

COUNT  DATA  FOR  FY  71  COHORT  SUBPOPULATIONS 


F-1.  BACKGROUND.  This  Appendix  provides  the  size  and  number  of 
reenlistments  within  each  of  32  subpopulations  distributed  across 
five  SRB  levels.  These  count  data,  shown  in  Table  F-1,  were  de- 
veloped from  a sample  of  39,047  soldiers  in  the  FY  71  cohort  file. 
This  sample  and  the  FY  71  cohort  file  are  discussed  in  Chapter  4. 
The  derivation  of  the  32  subpopulations  defined  by  race,  educa- 
tion, pay  grade,  and  dependents  is  also  discussed  in  Chapter  4. 

F-2.  USE  OF  TABLE  F-1.  The  data  in  Table  F-1  was  used  as  a basis 
for  developing  reenlistment  rates  which  permitted  the  assessment 
of  the  SRB.  The  effectiveness  of  the  SRB  was  quantified  by  com- 
paring the  effect  of  different  SRB  levels  within  a subpopulation 
and  between  different  subpopulations.  Table  F-1  is  interpreted  as 
follows:  each  row,  1-32,  defines  a specific  subpopulation.  Row 

11,  for  example,  defines  a subpopulation  comprised  of  soldiers 
with  a GED  high  school  equivalent,  who  have  no  dependents,  who  are 
pay  grade  E4  or  above;  and  who  are  either  white  or  a member  of  an 
ethnic  minority  other  than  black.  The  total  number  of  soldiers  in 
subpopulation  "11”  for  each  of  five  SRB  levels  is  shown  in  the 
"total"  column  and  the  number  of  those  soldiers  who  reenlisted  is 
shown  in  the  "re-up"  column.  In  this  example  there  were  161  sol- 
diers in  subpopulation  "11"  who,  when  eligible  to  reenlist,  were 
offered  an  SRB  1;  and,  of  this  number,  39  soldiers  reenlisted. 
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Table  F-1.  Count  Data  for  FY  71  Cohort  Subpopulations 


Sub populations 


Total 


